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PAKT L-GENERAL EEPORT-

THE SEA FISHERIES OF SCOTLAND.

General Statement.

The Sea Fisheries of Scotlaad were successfully prosecuted Quantity and

during 1890. The aggregate quantity of all kinds of white fish
^^{^''[J^^^J^^'**'

lauded was 5,864,488J cwts., valued at £1,623,346,—the value of vaiue of shell-

shell-fish landed was £68,613,—showing a gross total value for the fish,

year of £1,691,959, against 5,589,239 cwts., valued at £1,454,175, Total value

and shell-fish, valued at £63,201 in 1889. This gives an increase fisherieT

in 1890 over 1889 of 275,249^ cwts., valued at £169,171, and of

shell-fish, valued at £5,412; or a total increase in the value of

both of £174,583.

Of the total quantitv of white fish landed last year, beam trawl Fish landed by

vessels accounted for"'291,812 cwts., valued at £203,620, against

252,524i cwts., valued at £158,306, in 1889, or an increase of

39,287f cwts., and £45,314, notwithstanding the closure of the

territorial waters. Details will be founJ at page xxix of this

Report, and in Appendix C. Nos. I and II.

The number of fishermen and boys employed last year in con- Fishermen and

nection with the Scottish Sea Fisheries was 47,150, being 793 less ^TboTsand^'
than in 1889. In addition, 62,122 persons were employed during vessels en-

a portion of the year, chiefly in connection with the summer herring g^s®^-

fishery. The number of boats aad vessels engaged was 14,352,

being 362 less than in the previous year; and the capital invested capital in-

in boats, vessels, and fishing gear was estimated at £1,590,636, vested,

being £12,671 less than in 1889.

The herring fishery is the most important of all the fisheries. The The herring

returns for the year 1890 were highly satisfactory, both as to the fishery,

quantity and quality of the fish landed for the first half of the

season. As compared with the preceding year, the gross catch

showed an increase of 74,816J crans or 261,857f cwts., although

there were fewer boats employed than in 1889. Fishing operations Commence-

commenced at Stornoway and Barra about the usual time, the 15th
arstomowa"^^

of May, and came to a very successful conclusion there about the andBarS!^^
middle of July, with a yield of 57,840 crans in excess of the

previous year. High prices were realised, particularly for High prices

Barra herrings. On the East Coast the summer fishing began realised,

at Eyemouth on the lOlh of May, at Wiek on the 3rd June, ^^^[^^o^st

Orkney 14th June, and Shetland 15th June. The date of com-
mencement in the other districts varied from the 1st to the

18th of July. The fishing was prosecuted regularly, and with
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much energy till about the second week of September, whsn it

practically closed, although a few boats continued to fish a little

longer. The fleet employed at the East Coast stations, including

Orkney and Shetland, numbered 3,464 boats, being a decrease of

529 boats as compared with the preceding year. Of this fleet,

627 boats were eogaged to curers at fixed rates of lis. to 163.

a cran. The remainder sold their catches daily at the current

prices, which ranged from 5s. to 203. a cran, the average for the

season being about 12s. 3d. per four baskets of the new measure-

ment, the capacity of which is fully 25 per cent, less than in

previous years. Last year 630 sea-worthy flshing-boats were left

on the beach—238 on the East Coast, and 392 on the West Coast,

being 59 more than in the former year. There were 162 boats

built during the year, of which 54 were first class, 91 second class,

and 17 third class. £8,517, lOs. was lent to crofter fishermen to

buy boats and gear. Twenty-three trawl vessels were also built,

9 of which were for England.

The inshore waters on the East Coast were much more pro-

ductive than during the preceding year. Herrings were found in

greatest abundance 3 to 8 miles offshore, between Stonehaven and
Orkney. Large takes of from 90 to 154 crans were got early in

the season between the Pentland Firth and Cromarty, at from 1

to 4 miles offshore. The general fishing-ground ranged from 1 to

40 miles seaward, the best individual takes, varying from 90 to

163 crans, being got from 2 to 10 miles distant. The quantity of

herrings landed upon the East Coast showed a decrease, as com-
pared with 1889, of 14,566 crans. In Shetland district, the quan-
tity landed in 1890 was 73,644 crans, against 28,622 crans in the

preceding year. The fishing commenced on 15th June, bub

towards the end of that month it became restricted, owing to

the presence of dogfi.ih on the north and west side of Shetland.

These appeared in such large numbers at the Unst fishing-ground

that the fishermen immediately gave up fishing. About the end
of July, however, a very successful fishing commenced at Lerwick
and other east side stations, and continued until the end of August.

At that date heavy takes were landed, and the fishermen

experiencing difficulty in disposing of them, owing to the curers'

inability to overtake the curing of the fish, several hundred
crans had to be sold for manure, or thrown into the sea. Immense
shoals of herrings were still to be found between Sumburgh Head
and Whalsey, while scarcely any dogfish were seen. The most
striking feature of the East Coast fishing of 1890 was the superior

quality of the herrings during the first half of the season, which
was about equal to that of the catch of 1888. The Shetland
herrings, however, were considerably beneath the average quality,

During the height of the season there was a large number of

takes of from 100 to 152 crans, while one boat landed a take of

163 crans; but the individual takes seemed larger in comparison
with those of previous years owing to the decrease of one-fifth on
the new measure. In one or other of the districts on both coasts

herrings were landed during every month of the year.

The quantity of herrings landed on the West Coast amounted to

283,093^ crans, or 89,382^ crans more than in 1889, the large3t
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increase being shown in Stornoway district, where 127,320 crans increase of

were landed, against 69,480 crans in the preceding year. With the
w^st Coast

exception of Stornoway district, the West Coast herring fishing is compared with

generally carried on in the sea lochs and narrow waters, and there-

fore smaller boats are en ployed. Stornoway is the most important stornoway

of all the districts, and has a fleet of the largest and best-equipped ^^^^""s-

boats, which prosecute the fisliing usually between Lewis and
Cape Wrath in the Atlantic Ocean, and sometimes forty miles

north of the Butt of Lewi3. The returns for last year were very

satisfactory, showing an increase over the preceding year in the

quantity landed of 57,840 crans, or 83-24 per cent. Inveraray,

Campbeltown, and Loch Carron districts yielded fair average

quantities of superior herrings, similar to those usually got in

these districts. Of the 283,093J crans landed upon the West
Coast last year, only about 135,131 crans were cured. The
remainder—more than one-half of the entire catch—was forwarded Takes largely

to market for consumption either fresh or slightly salted. Tj^g
"sed fresh.

West Coast loch herrings are much esteemed for their rich Rich flavour,

flavour at certain seasons of the year, especially those taken in

Loch Fyne and Kilbrennan Sound ; but no herrings can com-
pare with those caught on the banks on the Atlantic side of

Barra.

The winter herring Ashing was also successfully prosecuted last Winter herrmg

year. Its gross produce amounted to 98,700 crans, being an in-
^^^^^^g-

crease of 23,293 crans on the preceding year, the East Coast
contributing 27,738 crans, and the West Coast 70,962 crans. With
the exception of Eyemouth, every district in Scotland contributed

to the total quantity landed.

The aggregate quantity of herrings landed in 1890 on both the Aggregate

East and West Coasts was 1,137,2461 crans, which realised
^^fJ^^^^^Y

"""'^

£827,072 to the fishermen. Of this quantity, 1,304,603 barrels herrings lauded

were cured, and 231,674 crans sent to the home markets fresh or

slightly salted, a considerable portion of which was afterwards

made into kippers and bloaters.

The gross quantity of barrels of herrings branded during the Quantity of

year was 376,280, being a decrease from the preceding year

of 79,0051 barrels. The brand fee of 4d. per barrel realised Amount of

£6271, 6s. 8d., a decrease of £1316, 15s. 2d., as compared with 1889. brand fees.

This decrease was owing to the determination of many fish-curers

at first not to brand, and a little misunderstanding about the new
regulations, which were, before trial, pronounced by some to be too

elaborate and even unworkable, but aftj?r being tried and tested by
the fish-curing trade, were highly commended and generally ap-

proved, both by the home and the foreign trades. The only failure

this season was in too light salting, especially in some full crown
brands. Particulars of the brands will be found at p. xx of this Particulars

Eeport under " Branding of Herrings."
bmnds"^^^

The total quantity of herrings exported was 985,670J barrels, Cured herrings

941,254 barrels of which were sent to Germany and other places exported,

on the Continent, 29,639^ barrels to Ireland, and 14,777 barrels to

places out of Europe,—the largest portion of which went to

America, mostly repacked in small casks or kegs, and shipped
from Greenock, Leith, and Aberdeen.
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Returns of

cod, ling, and
hake fisheries

in 1890, as

compared with
1889.

Total quantity
of white fish

used in a fresh

state.

Value thereof.

White fishing

successful.

Haddocks.

Good demand
for fresh fish

and prices

higher than in

1889.

State of

weather.

143 lives lost.

Boats wrecked
and damaged

;

and loss of

fishing gear.

The cod, ling, and hake fishing of last year yielded a total oE

749,130 cwts., for which the fishermen received £222,728. Of this

quantity 145,266^ cwts. were cured dried, and 6186 barrels cur.3d in

pickle, showing an increase as compared with the previous year of

15,031 cwts., but a decrease in value of £9,577 in those landed, 394|
cwts. in those dried, and 734 barrels pickled. A larger quantity is

every year despatched to the home markets in a fresh state. The total

quantity of dried cod and ling exported was 98,775 cwts., of which

64,599 cwts. were sent to Ireland, 18,390 cwts. to the Continent,

and 15,786 cwts. to places out of Europe. When compared with

1889 these totals show a decrease of 424 cwts. in the export to

Ireland, and 14,295 cwts. in that to the Continent; but an
increase in the quantity sent to places out of Europe of 4,796

cwts., being a net decrease from the preceding year of 9,923 cwts.

The pickled cod were all consumed in this country.

The total quantity of wliite fish landed and used in a fresh state

amounted to 2,289,803^ cwts. against 1,977,357 cwts. in 1889,

showing an increase on that year of 312,446J cwts. The returns of

white fish used fresh continue to exhibit an increase, the consump-
tion in 1890 being greater than that of any of the preceding six years

during which returns have been collected. The greatest increases

were in herrings, flounders, whitings, ling, and lemon soles, while

the greatest decreases were in cod, haddocks, and eels. The aggre-

gate value of white fish landed and disposed of for consumption
fresh was £900,416, being an increase on the previous year of

£156,065.

When the weather permitted, the white fishing was prosecuted

regularly throughout the year, and, as the above figures show,
generally with satisfactory results. Haddocks, which are second

only to herrings in point of quantity and value, were occasionally

taken in exceptionally large quantities, particularly along the

Berwick and Aberdeen coasts, at a distance of from one and a half

to six miles from land, and in January especially very large

haddocks were caught. Although the gross take of haddocks in

1890 was considerably under that of th(} previous year, the value

was very much greater. The demand for all kinds of fresh fish

was good throughout the year, and the average prices obtained were
higher than in 1889, except during the glut created by the heavy
takes of line fishermen, chiefly in January.

During the great summer and autumn herring fishing the

weather was generally suitable for fishing, with the exception of

the 25th of June, when a severe storm occurred, which unfortunately

resul ted in the loss of the lives of about fifty fishermen. Twelve boats

were totally wrecked, a large number damaged, and there was a heavy
loss of netting. In consequence of this disaster, the catch of the

season was less than it would otherwise have been, as many of the

fishermen were unable to replace their nets. It is to be regretted that

the losses of last year were much greater than those of the preced-

ing one. The returns show that 143 fishermen were drowned, 45
boats totally wrecked, and 193 damaged, the aggregate pecuniary
loss being estimated at £10,570. In addition, there was a loss of

nets and other fishing material, amounting to £46,769, or a total

loss in boats and fishing material of £57,339. It is now seven
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years since bliese statistics were first collectetl, and during that

period 699 fishermen have lost ^ their lives while engaged in the

Scottish lisheries, 320 boats have been totally wrecked and lloo
damaged—the total loss in boats and fishing material being

£345,738.

HERRING FISHERY.

Cured Fish.

The curing of herrings is one of the most important Scottish Curing of

industries, being carried on very extensively on the East Coa;3t, h^^rriugs.

especially at Peterhead, Fraserburgh, Aberdeen, and Wick.
The quantity cured in 1890 amounted to 1,304,603 barrels. Quantity

and includes 78,859 barrels kippered, 4004 barrels cured as

bloaters or red herrings, and 2,091 barrels preserved in tins.

Nearly the whole of the last were exported to Australia and other

Colonies. The kippering of herrings is now extensively carried on Kippers,

at nearly every station where these fish are landed, but more
especially in the districts of Stornoway, Eyemouth, Peterhead,

Fraserburgh, Aberdeen, and Wick, and is yearly developing.

Bloaters are prepared chiefly at Aberdeen, Anstruther, and Bloaters.

Findhorn. The trade of preserving herrings in tins is also ex- Tinned,

tending, but is confined to four places, viz., Aberdeen, Peterhead,

Fraserburgh, and Stornoway.

The following is a statement of the total quantity of herrings Herrings cured

cured in each of the last seven years:— lasrseve^n

years.

Years. Barrels cured.

1884, .... l,697,077i
1885, .... l,572,952i
1886, .... ],312,223i
1887, .... l,303,424i
1888, .... 1,118,8721

1889, . . . . 1,397,507

1890, .... 1,304,603

These returns show that the quantity of herrings cured in 1890 Decrease as

was 92,904 barrels less than in the previous year, being a decrease jo^P^^^red with

of 6'64 per cent., and a decrease under the average of the pre-

ceding six years of 6*83 per cent. There was a deficiency on the

East Coast in 1890 as against 1889 of 60,549J barrels, and on the

West Coast of 32,354^ barrels, the net falling off being 92,904
barrels. This, however, has not arisen from a decrease in th(3 total

quantity landed (which shows an increase of 74,816^ crans as

compared with the previous year), but from the fact that herrings

sprinkled or lightly salted for immediate use, which previously

were returned as herrings cured in bulk, were, in the returns for

1890, scheduled as herrings consumed fresh.

The particulars of the herrings cured, branded, and exported, and Kesuits of 1889

of brand fees received in 1890, when compared with 1889, show the pared?^^
following results, viz. :

—
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Years.
Barrels

Cured.

parrels

Branded.
Barrels

Exported.
Brand Fees
Received.

1889,....
1890,....

1,397,507

1,304,603

455,2851

376,280

970,175f

985,6701

£7,588 1 10

6,271 6 8

Increase in 1890,

Decrease in 1890, 92,904 79,'005i

15,494f
£1,316*15 2

Comparison of A comparisoa of the results of 1890, with the avera;Te of the

i890^^with the preceding tea years, shows a decrease in the quantity of herrings
average of tiie cured and branded, and in the amount of brand fees received, bub

yea?s.^'"^
^^'^ an Increase in the quantity exported, viz.

Years.
Barrels

Cured.

Barrels

Branded.
BaiTels

Exported.
Brand Fees
Received.

Average of ten years, \
1880-1889, . j

Year 1890,

1,353,9191

1,304,603

530,808^

376,280

933,489^

985,6701-

£8,846 16 2

6,271 6 8

Increase in 1890,

Decrease in 1890, 49,'316f 15'4,'528i

52,181J
£2.575" 9 &

SUMMAEY OF HEREING FTSHEEY.

Cured Fish.

L East Coast,

Ntrmberof I^^st seasou 572 herriug-curing establishments occupied GSO

est^abiishmeuts
^"''^^^ Stations ou the East Coast, being SI establishments and

oil East Coast! Stations fewer than in previous year. The returns of herrings

Two districts cured (exclusive of herrings sprinkled or lightly salted) show a

increase and
collective increase in two districts, as compared with the quantity

fifteen a de- cured in 1889, of 61,346 barrels, and a cjlleetive d^icrease in fifteen
crease in quan- districts of 121,895J barrels, resulting in a net decrease of 60,549^
tity of herrings

, , mi / i- ^ - i •
1 -i 1 1 •

cured. barrels, Ibe two districts which contributed to the increase were
Shetland and Helmsdale. The large increase of 57,789 barrels in

Considerable Shebliud indicates a considerable improvement in that important

insSw * district. The fluctuation in the fishing of this district during the
disti-ict. last twelve years has been most remarkable. In 1879 the number

fisMn^1;he?e^°
of bdrrcls of heriings cured was 8,755 ; then it rose so rapidly as

since 1879.^^ to reach 370,238 barrels in 1885, after which it gradually declined

to 47,006 barrels in 1889, while this year it has again shown an
upward movement and more than doubled the preceding year's
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return with a total of 104,795 barrels. Those districts which

exhibited the largest decreases were Wick, Aberdeen, Buckie,

Feterhaad, Anstruther, Fraserburgh, Findhorn, and Eyemouth.

The returns of herrings cured on the whole of the East Coast East Coast

of Scotland in the fifty years preceding 1890, on the average of years ^)reced-^

each period of ten years, show a continuous large increase. ing 1890.

The particulars are as follow :

—

Periods of Ten Years. Yearly Average of Yearly average

Barrels cured. etredlf
1840 to 1849 inclusive, 473,640J periods of ten

1850 „ 1859 „ 499,650

1860 „ 1869 „ 506,321

1870 „ 1879 „ 708,546

1880 „ 1889 „ 1,119,5231

Barrels cured in 1890, 1,123,347J

The quantity of herrings cured in 1890, when compared with
^g^^^®^^^^^^

1889, shows a decrease of 5-11 per cent.; when compared with the i889,"but^^

average of the preceding ten years, an increase of '34 per cent; of increase over

twenty-five years, 35-94 per cent.; and of fifty years, 69*8 per p^^^gg^^

cent. fifty years.

II. West Coast.

The returns of the herring fishery on the West Coast of Scotland Total decrease

(exclusive of herrings sprinkled or slightly salted) show that the cireTou^est
total quantity of herrings cured in 1890 was 181,295 J barrels, as Coast,

compared with 213,650 barrels in the previous year, being a

decrease of 32,354^ barrels. The districts of Stornoway, Fort Four districts

William, Loch Carron and Skye, and Rothesay, show a collective
cr^ase^and foiir

increase of 48,151J barrels over the preceding year, of which a decrease.

Stornoway contributed the greatest proportion. On the other hand,

the districts of Campbeltown, Inveraray, Ballantrae, and Loch
Broom, exhibit a collective decrease of 80,506 barrels, the largest

falling off being in the districts of Campbeltown and Inveraray,

of 41,113, and 30,088 barrels respectively. During the last

five years herrings have not been cured in Greenock district, and
comparatively few last year in Rothesay, Inveraray, and Campbel-
town districts,—the great balk of those landed having been
despatched to the home markets, either in a fresh or slightly salted

state for immediate use. Occasionally large quantities of these

fresh herrings were made into kippers. On the West Coast shoals General view

were found last year in greatest abundance in the districts of of fishing.

Stornoway, Loch Carron and Skye, Campbeltown, and Inveraray.

Large catches of excellent herrings were got in Loch Fyne, Kil-

brennan Sound, and Lochindail in Islay, as in the previous year.

An abundant fishing was also got in North Minch, Loch Hourn,
Sound of Sleat, and some of the sea lochs in Skye.

The returns of herrings cured on the whole of the West Coast of West Coast

Scotland in the fifty years preceding la.st year, on the average of ^^'""^.^^

each period of ten years, exhibit, with the exception of the period yelrs!"'^
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from 1870 to 1879, a continuous large increase. The number of

barrels cured in 1890, however, is 22*65 per cent, below the

average for the last decade.

The following statement shows the particulars

Yearly average
of herrings

cured in

periods of ten
years.

Decrease in

1890 under
1889, but
increase over

average of

p]'eceding fifty

years.

Periods of Ten Years."

ISdO to 1849 inclusive,

1850 „ 1859
1860 „ 1869
1870 „ 1879
1880 1889

Yearly Average of

Barrels Cared.

76,7791

91,698i

160,429f
142,3281

234,3951
Barrels cured in 1890, 181,2951

The quantity of herrings cured in 1890, whsn compared with

1889, shows a decrease of 15*14 per cent. ; when compared with

the average of the preceding ten years a decrease of 22-65 per cent.

;

on twenty-five years, a decrease of 4*64 per cent. ; but on fifty

years, an increase of 28'46 per cent.

Herrings cured
in each Fishery
District in

1889 and 1890,
with respective

increases or

decreases.

III. Both Coasts.

The following tabular statement gives the total quantities of all

the herrings cured in 1889 and 1890 in each of the twenty-six

districts, embracing the whole coasts of Scotland, and shows the

respective increases or decreases in 1890 :

—

The Twenty-Six Fishery Districts.

Year 1889,
Barrels

Cured.

Year 1890,

Barrels

Cured.

Increase

in 1890.

Decrease
in 1890.

Eyemouth, .... 56,305 49,096 7,209
Leith, 2,498 1,028 1,470
Anstruther, .... 9,261 1,560 7,701
Montrose, .... 50,580 43,941 6,639
Stonehaven, .... 13,410 11,291 2,119
Aberdeen, .... 132,968 110,190 22,778
Peterhead, .... 228,933 221,139 7,794
Fraserburgh, .... 308,121 300,788 7,333
Banff, 33,612 31,990 1,622
Buckie, 47,922 34,0701 13,85H
Findhorn, .... 30,205 22,885 7,320
Cromarty, .... 4,949 3,883 1,066
Helmsdale, .... 22,958 26,515 3,' 557
Lybster, ..... 13,939 11,307 2^632
Wick, 151,273 123,643 27,630
Orkney Isles, .... 29,917 25,186 4,731
Shetland Isles, 47,006 104,795 57," 789
Stornoway, .... 81,520 125,039^ 43,519^
Loch Broom, ....
Loch Carron and Skye,

5,321 2,482 2*839

40,427 40,825 "'398

Fort-William, ....
Campbeltown, . . . .

969 5,176 4,207
45,883 4,770 4l"ll3

Inveraray, .... 31,148 1.060 30,088
Rothesay, .... 594 621

""'

27
Greenock, ....
Ballantrae, 7^788 'i,'322 6,466

Totals, .... 1,397,507 1,304,603 109,497i 202,401^
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These statistics show that the total quantity of herrings cured in Net decrease

1890 on both the East and West Coasts was les3 than in 1889 by
igso^^anT'^^''

92,904 barrels; but the returns for the fifty years preceding last increase during

year, on the average of each period of ten years, show a continuous
^^y^^f^"'^

^^^^

large increase. The following statement gives the particular,? of

this increase :

—

Period of Ten Years.

Average Number
of Barrels Cured
Yearly in each

Period.

Increase in

Average Number
of Barrels Cured
Yearly in each

Period.

Increase per cent.

in Average
Number of Barrels

Cured Yearly in

each Period.

1840 to 1849 inclusive,

1850 „ 1859
1860 ,, 1869
1870 „ 1879
1880 1889 ,,

550,4201

590,448f
666,751i
850,875

1,353,9191

40,'028i

76,302i
184,123f
503,044f

7-27

12-92

27-61
59-12

Barrels Cured in 1890, . 1,304,603.

Yearly average
increase in

periods of ten
years.

From an examination of the above statement, a general idea may
be formed of the immense importance and value of the herring

fishery, not only to those engaged in this industry, but to the

people of Scotland generally. The total quantity of herrings cured

in 1890, when compared with the average of the preceding ten

years, shows a decrease of 3-79 per cent. ; when compared with the

average of the preceding twenty-five years, an increase of 33*2 per

cent.; and of the preceding fifty years, 62*57 per cent. The great

yield of this fishery appears even more remarkable than is shown
by these returns, when the fact is borne in mind that, in the year

1809, when the returns were first compiled by the former Fishery

Board, the whole number of barrels cured was only 90,185J ; while

the number cured last year, as shown above, was 1,304,603.

No. 1. Appendix A, gives some details taken from the reports of

the inspectors and district officers regarding the herring fishery of

1890 in each of the twenty-six districts into which the coasts of

Scotland are divided for fishery purposes.

Value of

herring fishery

to people of

Scotland.

Decrease per
cent, in 1890
under average
of preceding
ten, twenty-
five, and in-

crease over
fifty years.

Great develop-
ment of fishery

since 1809.

Details regard-
ing herring
fishery.

HERRINGS CURED ON BOARD VESSELS AND ON
SHORE.

No. II. Appendix A, shows the number of vessels fitted out in Herrings curec^

Scotland last year for the herring fishery ; the districts from which ^"gg^j^^^

they were fitted out ; their tonnage and the number of men; the^^^^^^'

quantity of netting, salt, and empty barrels shipped ; and the total

number of barrels of white herrings cured on board
;
distinguishing

those cured gutted from those cured ungutted.

This branch of the herring fishing industry has been carried on This branch

chiefly among the sea bchs on the West Coast of Scotland, declining!^
but for a number of years it has been gradually declining.

During recent years, however, efforts have been made to revive
it on the East Coast, but, so far, it has proved unremunerative,
partly owing to the herring shoals being found in greatest abund-
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anr.e upon the inshore grounds. No vessels were fitted out on the

East.Coast for this industry in 1890. Upon the West Coast sixty

were fitted out and made seventy-eight voyages, curing 29,993

barrels of herrings on board. Fifty-nine vessels cured 29,558

barrels in 1889. The number of the vessels some years ago varied

from 90 to upwards of 300.

Total quantity No. III. Appendix A, shows the total number of barrels of

ofiierrings white hei'fings cured or salted in Scotland last year, both on board

S^on shore!^^ of vessels and on shore, and the districts in which they were

taken and cured, distinguishing the herrings cured gutted from

those cured ungutted ; and also the quantities of herrings cured

as kippers, bloaters, or red herrings, or preserved in tins.

The herrings cured as kippers, bloaters, or red herrings, or

preserved in tins, are distinguished in this Appendix from those

cured in the ordinary manner.

BRANDING OF HERRINGS.

Rearrangement
of crown
brands.

Revised regu-
lations issued.

Description of

new brands.

Quantity of
herrings

branded.

Decrease
under 1889.

The Government crown brand for cured herrings has from time

to time, to suit the requirements of the trade, undergone many
changes since it was first established in the year 1809. In order

still further to meet the wishes of the Continental merchants and
their customers, the latter of whom consume 98'53 per cent, of all

the herrings branded in Scotland, the Board resolved last year to

rearrange the different crown brands into 'Large Full,' 'Full/

'Matins Full,' ' Spent,' and 'Mixed,' and issued revised regulations

for the guidance of their officers, and the trade.

The following is a description of the new brands:

—

'Large Full '-—for herrings, with roe or milt, not less than

\\\ inches in extreme length.
* Full '—for herrings, with roe or milt, not less than 10| inches

in extreme length.
' Matie Full '—for herrings, with roe or milt clearly seen at the

throat, not l^ss than 9^ inches in extreme length.
' Spent '—for herrings, not less than 10^ inches in extreme

length.

'Mixed'—for herrings, not less than 9^ inches in extreme
length; and

' Repacked '—for herrings repacked according to Regulations.

During the season of 1890, 406,538J barrels of herrings were
presented to the Board's Officers for the various brands, and after

examination, 376,280 barrels were branded, and 30,876 barrels

rejected, or 7*59 per cent, of the quantity presented, as not being
entitled to the brand. In the previous year (1889), out of

475,566 barreh, the rejections were 20,350J barrels, or 4*27 per
cent., and in 1888, of 390,239^ barrels, 6,259 were rejected, or 1-60

per cent. These figures show a decrease in the branding of 1890,
under the preceding year of 79,005^. Of ihe barrels branded
12,984 were ' Large Full

;

' 156,5161 ' Full
;

' 117,205^ ' Matie Full
;

'

51,443 ' Spent
;

' and 38,131 ' Mixed.' The amount of fees received

by the Board on account of this service was £6,271, 6s. 8d.
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No. IV. Appendix A, shows the total number of barrels of Particulars of

white herrings which were branded in Scotland last year,
{JranJed.

and of the brandings in each district. This Appendix also shows

thd respective number of barrels which were branded, ' Large Full,'

' Full,' ' Matie Full,' ' Spent,' and ' Mixed,' and the amount of brand

fees collected.

It will be seen from that Table that, as compared with 1889, Comparison ot

there was a decrease io 1890 of 79,0051 barrels in the total
Jj^^f"'^''

''^^^^

quantity of herrings branded, but an increase in 'Large Full' and

'Full 'of 24,589^ barrels, a decrease in 'Matie Full' of 104,553^

barrels, in 'Spent' of 11,997 barrels, and an increase in 'Mixed' of

12,955J barrels.

HERRINGS EXPORTED.

The total quantity of cured herrings exported from Scjtlaad in
^^J.g5^j^^Jj.j^jj„<.

1890 amounted to 985,670J barrels, against 970,l75f barrels in exported"
"^^^

1889, being an increase of 15,494J barrels, or 1-59 per cent.

It will be seen from the subjoined Table that 9^330^ barrels, or Piac««to

1 per cent, more than in the previous year, were exported to exported.

Germany and other places on the Continent, and that the demand
from Ireland was less by 3,013| barrels, or 9*22 per cent. Places

out of Europe took 14,777 barrels, being 9,178 barrels more than

in 1889, the greatest proportion of which went to America, in

barrels, half-barrels, quarter-barrels, and smaller casks. A
number of the whole barrels and half-barrels were branded
crown ' Full.' All the smaller sizes, however, consisted of

repacked herrings, and amounted to about two-thirds of the total

export to America. The chief ports from which these herrings

were shipped were Greenock, Leitb, and Aberdeen. Stettin, the

principal herring market of Germany, took the largest portion

of the quantity exported to that country, amounting to 359,247-^

barrels, or 40,076J barrels more than in the preceding year.

The following table shows the number of barrels of cured herrings Exports in

exported from Scotland in the years 1889 and 1890 Jompa?eV^^^

Years. To Ireland.
To the

Continent.

To Places

out of

Europe.

TotalNumber
of Barrels

Exported.

1889, ....
1890, .... 32,653

29,639i

931,923|
941,264

5,599

14,777
970,l75f
985,670^

Increase in 1890, , 9,330i 9,178 15,494|

Decrease in 1890, . 3,013^

No. V. Appendix A, shows the total number of barrels of white Particulars of

herrings exported from Scotland last year; and the districts ^t'o^ii
exported

which they were exported
;
distinguishing the export to Ireland,

to the Continent, and to places out of Europe ; and distinguishing

also herrings crown branded from herrings unbranded, and giving
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the quautity of horriiigs repaclced. To this Table is appended a

supplementary note, showing the ports or places to which the

herrings exported to the Continent were shipped, and the total

quantity exported to the Continent.

Hen'ing.s No. VI. Appendix A, gives an abstract of the total quantity of

S'^lx^Self ' w^^'te herrings cured, branded, and exported, year by year, in so

1875 to 1890.' far as Irought under the cognizance of the fishery officers from 1st

January 1875 to 3Lst December 1890, distingui3hing the export

to Ireland, to the Continent, and to places out of Europe.

WINTER HERRING FISHERY.

Winter herring The Scottish winter herring fishing of 1890 yielded 98,700 crans,
fishery. compared with 75,407 crans in 1889, being an increase of 23,293

crans, or 30*88 par cent. To this total the East Coast contributed

27,186 crans, Orkney and Shetland 552 crans, and the West Coast

Districts where 70,962 crans. Winter herrings were landed in more or less

prosecuted. quantities at every district in Scotland, except Eyemouth. Those
districts which yielded the best returns on the East Coast were
Wick, Anstruther, and Leith ; and on the West Coast, Loch Carron

and Skye, Ballantrae, Campbeltown, Stornoway, and Inveraray.

The greatest quantities were landed during the months of January,

February, November, and December. The ground usually fished

Quality and Idy near the shore. La.^t year a great number of large herrings
prices of ^^j.^ caugbt, bjt their flavour, as usual, was not so "^od as that

° * of the summer and autumn herrings. Prices ranged from 5s. to

How disposed 603. a cran, the average being 13s. lOd. The greater portion of the

winter herrings of 1890 was used in this country, either in a fresh

state, lightly salted, or as kippers, and bloaters,—comparatively few
being cured for exportation. There were 799J barrels branded crown
'Full,' of which 614J were cured at Stornoway, and 185 at Wick.

New brand la order to distinguish herrings caught in winter when branded

herrTn^s!^
from those caught in summer and autumn, the Board have
furnished their officers with a new brand bearing the word

ttonVf^branr
' placed over the ordinary crown brand. The

lono ran
. ]3pj^m^[Qg herrings landed in winter was first introduced at

Wick in February 1864, and being a new departure, the former
Fishery Board, in order to remove all doubt as to the practic-

ability of properly curing them, directed that a test be made.
Two barrels were accordingly purchased at Wick, two at

Lybster, and three at Helmsdale, consisting of crown ' Full/ ami
crown 'Maties.' These seven barrels, having been marked and
sealed, were forwarded to Leith, where they lay for ten months,
and were then examined in the presence of the Board's principal

officers. The herrings were found in excellent condition, and in

every respect entitled to the crown brand ; and when olfered for

sale at Leith realised about one-third more than the original cost.

Comparatively few of the winter-cured herrings have, however,
been branded since the above date, as they are not so much prized

in the Continental markets on account of their dryness and their

not possessing the rich flavour of the summer and autumn
herrings.
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Analysis of the Statistics of Scottish-Cured Herkings from
THE Beginning of the Century, and the Sums raid by

Government as Bounties, and received as Brand Fees in

Successive Years.

In a supplementary Table, Appendix A, No. VTI. detailed Herrings

statistics are given for each year since the e3tablishment of the
{branded and

Board of British White Herring Fisheries in 1809, of the quantities exported since

of herrings cured, branded, and exported; together with the sums
^^^^^^ ^.^^^^

paid annually as bounties by the Government between 1809 and bounties
J
and

1826, and the fees received by the Government for branding barrels brand fees

e 1 • received.
of herrings.

The statistics of the barrels of herrings cured, given in other Basis of

tables, are based upon the returns of those originally packed, as

shown in the second and third columns of the table ; but in the

process of cure a certain amount of shrinkage occurs before the

barrels are ready for shipment, and this is shown in the fourth

column. When the number of barrels crown branded is compared
with the latter number, it will be seen that the proportion of

herring3 which received the crown brand is considerably greater

than has been generally represented.

The Table also shows in a striking manner the very large payments Large pay-

made by the Government in the past in aid of the Scottish Fisheries. Governmwft m
For sixteen years, namely, from 1809 to 1824, a premium and tonnage aid of Scottish

bounty were paid on vessels or buss^3s fitted out for the herring
^"^^^^^'5-

fishery under provisions of the Act 48, Geo. III. c. 110. In some
years the amount of the premium and tonnage bounty was close

upon £20,000, or even over it, the total for the sixteen years being

£114,514, 7s. 3d. From 1809 to 1829 large bounties were also

granted on barrels of cured herrings which received the official

brand. The amount of these barrel bounties was sometimes over

£70,000 in the course of a year, and during the period in which it

was paid it reached a total of £660,587, 93. 6d. Thus during the

first twenty-one years after the establishment of the Fishery Board,

the Government subsidised the herring fisht<ry of Scotland to the

extent of £775,101, or an average of nearly £37,000 a year; and
there is little doubt this policy gave a great impulse to the develop-

ment of the Scottish Fisheries.

From 1829, when the bounties ceased, to 1858, barrels of cured Brand fees

herrings which reached the proper standard were branded without
charge ; but since the latter year a fee of 4d. per barrel has been
charged on each barrel branded. The total sum received by the

Government since 1858 in the shape of brand fees amounts to

£206,902, 143.

DuTiT ON Scottish-Cured Herrings imported into Eussia and
Austro-Hungary.

It was stated in the Board's Fourth Keport that the Kussian Russian duty

Government had in 1885 raised the import duty on Scottish-cured curS herringi

herrings from about 43. 8d. to 7s. per barrel ; and in the following
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year's Report it was also stated that this duty had been still

further increased by Is. 6d. a barrel, thus raising it to 8s. 6d. per

barrel; and that although strong representations on the subject

had been ma.le by Lord Salisbury to H.M. Ambassador at St

Petersburg, the reply was that no representation would prove

effectual unless it could be shown that the Eussian fishing industry

was quite independent of protection, and that there was a direct

loss to the Imperial Eevenue from the increase of duty on foreign

importations.

The Board in the same year brought under your Lordship's

notice a regulation passed by the Russian Government requiring

the actual gross weight of barrels and herrings for shipment to

Russia to be inserted in the bills of lading,—a regulation which,

it was pointed out, would entail great hardship and inconvenience

on those engaged in the herring trade ; and it was with much
gratification that the Board received from your Lordship, through

the Foreign Office, copy of a despatch from H.M. Ambassador at

St Petersburg, intimating that this regulation had been withdrawn,

and a circular sent by the Russian Minister of Finance to the

Custom authorities notifying the fact. During the course of last

year the Board received from your Lordship, through the Foreign

Office, copy of a despatch from H.M. Ambassador at St Peters

burg, stating that, from a case recently brought under his notice,

he is led to infer that herring merchants are not so generally

acquainted with the above regulation as they ought to be, and
suggesting that the Chambers of Commerce interested in the

herring trade should be reminded of its existence, as it got rid of

the obligatory weighing of the barrels, and was therefore considered

at the time a great relief. The Board accordingly distributed

copies of H.M. Ambassador's circular of 2nd June 1887 among
those parties interested. A copy of this circular will be found in

Appendix A, No. IX.

In the course of last year the attention of the Board was called

to the high rate of duty and railway charges on Scottish-cured

herrings imported into Austro-Hungary and Russia, and to the

fact that the reduction of these charges would greatly develop the

herring industry of this country, and would also benefit the

Austrians and Russians themselves, as they would be enabled to

obtain a better quality of herrings. This matter was brought
under your Lordship's notice, when you were so good as to forward
copies of despatches received through the Foreign Office from
H.M. Ambassador at Vienna and St Petersburg, the former of whom
stated that it would be impossible to modify the duty in question

without introducing a special law on the subject, and that he
regretted to say such a course could not be followed with any
prospect of success, promising, however, that when any general

tariff revision took place, the wish of Her Majesty's Government
would not be forgotten, while H.M. Ambassador at St Petersburg
pointed out that it was hopeless to expect a change in the Russian
Customs Regulations unless strong reasons against the existing

order could be adduced, and that although the amount of duty has

never been lost sight of by the Embassy, all that can be hoped is

that the duty shall not be raised.
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IIoopiNa OF Herring Barrels.

It is now live yefirs since an alteration was made in the regula- Regulations as

tions for hooping white herring barrt»ls, at the request of a number
hen^Tbarr^^^^^

of fi3h-curers at some of the principal stations in Scotland, under
statutory powers subsequently acquired by the Board. Pfiviously

it was only lawful to hoop such barrels with wooden hoops ; but

under the new regulations either wooden or iron hoops, or part of

each, may be used. The reasons for the change were fully given

in a previous Keport ; but it may here be repeated that there was
often a difficulty in procuring, at a moderate price, a sufficient

quantity of wooden hoops to meet the requireu)ents of the trade;

while an unlimited supply of iron hoops could be obtained at any
time ; and also that iron-hooped barrels could be made stronger

and more easily tightened than those hooped with wood.

As the result of five years' experience, the new regulations for Results satis-

hooping white herring barrels have given general satisfaction, ^^^tory.

The method most approved of seems to be hooping partly with iron

and partly with wooden hoops, it being adopted to a greater extent

each year.

During the past year 876,133 white herring barrels were made in Barrels made

Scotland, and of these 639,750 barrels, or 73 per cent., were hooped
j^oj^^V'^^

more or Jess with iron and wooden hoops; 235,852 barrels with hooping,

wooden hoops alone, and only 521 barrels with iron hoops entirely.

Standard Measures for Fresh Herrings.

As the result of numerous representations frequently made to Quarter-crau

the Board, by a large number of tishermen at different parts of the jneasures

coasts, of the unsatisfactory character of the basket measure used

in buying and selling fresh herrings in the Scottish Herring
Fishery, the Board, under the powers conferred on them by the

Herring Fishery (Scotland) Act, 1889, made regulations in that

year for the construction and branding of a quarter-cran measure
for such purpose as asked, which should take one of two forms.

The chief reason adduced in favour of such regulations being Reason there-

made was that, in the delivery of herrings, baskets were frequently

used for measuring them, which, while being represented as of the

capacity of a qaarter-cran, were of larger size ; and that there was,

therefore, a great lack of uniformity in this respect.

The regulations for the construction and branding of such mea- Regulations

sures, which shall take one of two forms, are as follow :

—

L Basket Measure.— A basket of a circular form, well bound, Quarter-cran

and composed of willows, pieces of hoopwood, hardwood, and cane, ^^^^^^

all of fresh quality, and of suitable size and strength, which shall,

for convenience in use, have two cane handles, and shall have a

crown brand on each side.

II. Box Measure. "An oblong box, constructed of properly Quarter-cran

seasoned fir or other suitable wood, well bound with iron hoops measure,

secured by nails, all of suitable size and strength, which shall, for

convenience in use, have two rope handles, and shall also be crown
branded.
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The regulations have been printed and circulated for the infor-

mation ol: the fishing trade. A copy of them forms Appendix A,

No. VIII. to this Eepart, and they may be had on application to

any of the Board's fishery officers. A basket and a box measure

made and crown branded according thereto may be seen at the

assistant inspector's office in Leith, or at any of the district fishery

offices of the Board, and measures may be presented for the purpose

of being crown branded at such time and place as may be arranged

by the fishery officer of the district.

The measure known as the cran may also be used for buying,

selling, delivering, or receiving fresh herrings; but any person

using any measure other than this, or the basket or box measure

aforesaid, shall be liable, on conviction under the Summary Juris-

diction (Scotland) Acts, to a fine not exceeding five pounds for the

first offence, and not exceeding twenty pounds for the second or

any subsequent offence ; and also to the forfeiture of the measure

or measures, which may be seized and destroyed or otherwise

disposed of by any superintendent of the herring fishery or other

officar employed in the execution of the Herring Fishery (Scotland)

Acts
;
provided always that nothing shall prevent the sale of

herrings by weight or number or in bulk.

The basket and box quarter cran measures, made and branded
under the regulations, were in general use last year along the

Coasts of Scotland ; and the Board are much gratified to learn that

they gave general satisfaction to those interested in the herring

industry, and remedied a very great grievance. It is interesting to

note that these measures were also in use in the English stations along

the Coast of Northumberland, where they gave great satisfaction.

The total number of basket measures examined last year by the

fishery officers, and found to have been constructed according to

the Board's regulations, and branded, was 24,797. These baskets

were branded in ten different districts, the chief of which were
Leith, Aberdeen, Greenock, Montrose, Peterhead, and Wick.

Of box measures, the number examined by the officers, and
found to have been constructed according to the Board's regula-

tions, and branded, was 3,400, of which 2,048 were branded at

Greenock, and 1,352 at Ballantrae. No box measures were branded

at any of the other districts.

COD, LING, AND HAKE FISHERY.

CuEED Fish.

Cod, ling, and The cod, ling, and hake fishery of Scotland was prosecuted last
hake fishery, year With a fair degree of success. Although the yield was slightly
Quant^y o^f^^ under that of 1889, it was considerably above the average of the

hakeianckdin Preceding six years. The gross quantity landed amounted to

Scotland in 749,130 cwts., agaiust 734,099 cwts. in 1889, or an increase of

.
15,031 cwts. Beam-trawl vessels accounted for 32,989 cwts. of the

quantity of ^^^^^ quantity landed, being an increase of 5,945 cwts. over the

cod taken. retums for 1889.
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lish cured.

Vessels fitted

out for this

The number of tish cured was 4,114,774, of which 145,266 J cwts. Quantity

were dried, and 6,186 barrels picklad, bein*? a decrease, a5 compared
{;"i',^®![ra^^

with the preceding year, of 16,331 fish, 394J cwts., and 734 barrels vessels.

re3peetively,—the remainder being consumed in a fresh state. Niimber of

Fifty-one vessels and boats were fitted out for this fishery,— "

their takes amounting to 637,380 fish, which, when cured dried,

on board, weighed 15,533 cwts., as against 53 vessels and boats, fishery.

644,305 fish, and 16,834, cwts., respectively, in 1889. Twenty-five Fish taken,

of the above vessels belonged to Shetland, seventeen to Orkney, and
f^oard?^^*^

nine to Fraserburgh.

The Swedish vessels, which for several years have prosecuted Swedish

the cod and ling fishing during the summer months off the ^^^^^i^-

North Isles of Shetland, were very seldom seen there last year,

—no doubt on account of the swarms of dog-fish which infested

those waters. The fish taken by them were usually exposed for

sale in ihe Swedish markets.

About the end of March thirteen of the Shetland vessels were Details of the

fitted out for the Faroe and Rockall fishing, which proved almost ^^^i^s-

a failure at both places. These vessels afterwards proceeded to

Iceland where they were more successful, all securing full cargoes,

ranging irom 25,000 to 35,000 fish, and returning to Shetland about

the end of August. Seven of the Shetland vessels, and five

English smacks prosecuted the fishing upon the Shetland Coast

with fair success, but were very much troubled by dog-fish. The Success of

small boats which engaged in the cod fishing off Scalloway and ^"^^^^

other west side stations during the months of February, March, and
April, were most successful when the weather was favourable.

Upon several occasions these boats were unable, through being

overloaded, to carry their takes to land, although the ground
fished lay quite near the shore. A number of them landed from
500 to 600 cwts. of fish, which realised from £100 to £130. A Large boats

number of large boats from other districts were engaged in this
engaged,

fishing for about two months during the spring, their average

earnings being about £160 per boat. Many of the large boats

belonging to the district were equally successful.

Since the returns of this fishery were first compiled, about 70 Shetland

years ago, the quantities of cod, ling, and hake landed in Shetland
foj^tiie last^

district each year, have greatly exceeded those of any other seventy years

district in Scotland. The quantity cured there last year, was
^^^^^^^ ^^^gg

1,600,369 fish, making when dried, 50,737 cwts., or 38*89 per cent, of any other

of the number of fish, and 34*92 per cent, of the total quantity
^^^^^

cured in Scotland. The districts of Orkney and Stornoway follow there in^im
with 25,298 cwts. dried, and 38 barrels pickled, and 23,130 cwts. Quantity cured

dried, and 221 barrels pickled, respectively. Wick had the greatest
gtoraowaV^"^

quantity pickled, amounting to 3,516 barrels, or more than one districts,

half of the total quantity. Quantity

This industry might be much more developed, particularly in wick.^^°
the waters surrounding the islands of Orkney, Shetland, and the industry might

Outer Hebrides. The ground lying from 3.0 to 100 miles N.W. of
Jj^vXed''''^^

Unst is exceedingly rich in ling of good size and quality, and the
*^*^^®°^®^*

Swedish fisherman have for a number of years been taking immense Success of

quantities to their own markets, only occasionally selling their

catches to Shetland curers. There are other grounds with less
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depth of water around the Orkney and Shetland Islands, and along

the West Coast of Scotland where cod are most abundant, but

they are not fished to any extent.

Owing to the great demand for fresh fish, large quantities of cod

and ling were packed in ice at Shetland, and other outlying

districts, for transport to the southern markets.

The following is a statement of the total quantity of cod, ling,

and liake cured in each of the last seven years:—

Cured in Pickle.

Cwts.

5,9071

7,100

6,700

7,538

7,052

6,920

6,186

The particulars of the cod, ling, and hake cured dried and ex-

ported, and cured in pickle, when compared with 1889, are a^i

follow :

—

Years. Cured Dried.

(Jwts.

1884, . 124,5061

1885, . 125,3521

.1886, . 121,078

1887, . 122,832

1888, . 137,216

1889, . 145,661

1890, . 145,2661

Years.

Total Quantity
Cured.

Total Quantity Cured Dried, and
Exported.

Dried.
In

Pickle.

To
Ireland.

To the
Continent.

To Places

out of

Europe.

Total
Quantity

Ex-
ported.

1889, .

1890, .

Cwts.
145,661

145,2664

Barrels.

6,920

6,186

Cwts.

65,023

64,599

Cwts.

32,685

18,390

Cwts.

10,990

15,786

Cwts.

108,698

98,775

Increase in 1890, .

Decrease in 1890, .
"3941 "734 "424 14", 295

4,796

9,923

Decrease in

export to

Continent.

The above returns show a decrease under each of the headings

as compared with the preceding year, except in the export to

places out of Europe. No pickled cod have been exported during

the last two years. The falling off in the export to the Continent

is very marked. This has arisen through certain changes in the

mode of sending these fish to the Spanish markets, and the

differential duties charged there. No cargoes of dried fish have
been shipped direct to Spain during the last three years, as

formerly. They are now only sent in small lots through agents

at the principal English ports. Larger quantities are, however,
being exported annually to the Colonies.

No. I. Appendix B, shows the number of vessels fitted out in

Lni^r<i^nr*^
Scotkod kst ycar for the cod and ling fishery; the districts from
which they were fitted out; the tonnage of the vessels; and the

number of men
; also the quantity of cod, ling, and hake cured on

board
;
distinguishing whether cured dried or cared in pickle.

Cod, liug, and

hoard of

vessels.
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No. n. Appendix B, shows the total quantity of cod, ling, and Cod, ling, and

hake taken at the cod and ling fishery in Scotland last year by
^J^^^^^"'^^^^

^"

boats and vessels, and cured on share, distinguishing the fish cured
dried and the fish cured in pickle; and distinguishing also the

districts in which they were cured.

No. III. Appendix B, sliows the total quantity of cod, ling, Total of cod,

and hake taken, both by vessels and boats, at the cod and linrr ^"^S' ^?^<i ^^^k*;^

> . . . cured in vessels
fishery in Scotland, and cured last year; aiid the districts in which and on shore,

they were cured
;
distinguishing the fish cured dried and the fish

cured in pickle.

No. IV. Appendix B, shows the total quantity of cod, ling, cod, lin^, and
and hike exported from Scotland Inst year; and the districts from ii.n-ke exported,

which they were exported; distinguishing the export to Ireland, to

the Continent, and to places out of Europe; and also whether cured

dried or cured in pickle.

No. V. Appendix B, gives an abstract of the total quantity of Cod, ling, and

cod, ling, and hake cured and exported, in so far as brought ^^^^^^
ex^oj.^^\7ig^5^

the cognisance of the fishery officers, from 1st January 1875 to 31st to 1890.

'

December 1890.

Salt for Curing.

Appendix H, consists of a paper at the instancii of the Board on Paper on Salt

this subject, by Mr W. Ander.son Smith, with Analysis and Tables ^m?Anaf sis

by Dr A. P. Aitken, Chemist, Edinburgh, and Tables.

TOTAL QUANTITY OF FISH LANDED.

In Appendix C, No. L, will be found a statement of the total White and

quantity and value of the different kinds of whit3 and shell-fish
[^^^J^^^'^^^^^

landed in Scotland, in the year 1890, as compared with 1889, d is- last two years,

tinguishing the respective quantities and values landed in each of

the twenty-six districts into which the coasts of Sci)tland are

divided for fishery purposes.

The total quaaticy and value of white fish landed last year was

5,864,4881 cwts. and £1,623,346 respectively, and the value of

shell fish landed was £68,613,—making the value of both white

and shell fish £1,691,959. In 1889 the quantity of white fish

landed was 5,589,239 cwts., valued at £1,454,175, and the value

of shell-fish was £63,201,—making the value of both £1,517,376.

This shows an increase of white fish in 1890 over 1889 of 275,249^

cwts., and of £169,171, and an increase in the value of shell-fish of

£5,412,«—the gross increase in value being £174,583.

Those fish which exhibit an increase in the quantity landed over

the preceding year are herring, sprat, mackerel., ling, saithe, whiting,

sole, flounder, plaice, brill, and skate, and those which show a

decrease are cod, torsk, haddock, turbot, and eel. All the different

varieties of shellfish, excepting the mussel, show an increase, more

or less, over 1889.

Appendix C, No. IL, is a statement of the total quantity and Quantity^and

value of the different kinds of white fish taken by b3am trawl [anded^by^

vessels, and landed in Scotland in 1890, and of the quantitips landed beam trawlers,

in different districts.
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It will be Been by this statement that the total quantity and

value of all kinds of white fish landad last year by beam trawl

vessels was 291,812 cwts., valued at £203,620, being an increase

over the preceding year of 39,287f cwts. and £45,314. The fish

landed by beam trawl vessels represent 15*61 per cent, of the

total quantity landed in Scotland (exclusive of herrings, sprats

and mackerel), and 25*62 per cent, of the value. In 1889, it was
13-53 per cent, and 21-46 per cent, respectively,—showing that

trawled fish realize much better prices than fish taken by lines,

this circumstance beiug explained by the fact that trawlers capture

a larger proportion of valuable fish, such as turbot, large plaice,

lemon soles, &c., than line fishermen.

Beam trawling is yearly on the increase round the Coasts of

Scotland. The number of Scottish vessels employed last year

was 118, of 4,705 aggregate tonnage. When trawling statistics

were first collected in 1883, the number of Scottish trawlers was

47, and tonnage 2,004. Thus there has been an increase in seven

years of 151*06 per cent, in the number of vessels, and 134-78 per

cent, in tonnage. Besides the foregoing, there were from 50 to 60

English trawlers, mostly steamers, almost regularly employed
trawling in the Scottish waters, and landing the bulk of their

catches at Scottish ports, especially Aberdeen.

These statistics have bean compiled from returns collected by
the Board's officers in the twenty-six districts, assisted by a

number of correspondents resldc3nt at different harbours and creeks.

As early in each month as possible, a statement was published

of the total quantity and value of the different kinds of white and
shell-fish landed daring the preceding month, distinguishing the

respective quantities landed in each district, and the values thereof;

and a copy of this statement was regularly sent to the Board of

Trade, and published in their Monthly Journal.

Fish Sold for use in a Fresh State.

Fish sold for The following statement shows the total quantity and value of

state?
^ ^^^^^^ white fish landed in Scotland and sold for use in a fresh state,

Details thereof
^^^ring the last soveu years. It also shows the value of shell-fish

for last seven landed for the same period.

Years.

Total
Quantity of

White Fish
used Fresh.

Total

Value of

White Fish
used Fresh.

Total

Value of

Shell Fish.

Gross
Total
Value.

1884, ....
1885, ....
1886, . , . .

1887, ....
1888, ....
1889, ....
1890, ....

Cwts.

1,494,042

1,725,459

1,714,453
1,877,998
1,901,439

1,977,357

2,289,803^

£
716,295
737.824
685,973
694,091
717,057
744,351
900,416

£
80,939
89,193

73,287
67,315
71,728
63,201

68,613

£
797,234
827,017
759.260

761,406
788,785
807,552
969,029

Totals, .... 12,980,551^ 5,196,007 514,276 5,710,283
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Ifc will be seen from the above statement that although the total Comparison of

quantity of white fish consumed fresh has considerably increased
preeediu^l six

"

since these returns were first collected seven years ago, there has years,

not been a corresponding increase in the total value. During the

past two years, however, the prices realised have shown an upward
tendency. The increase in the returns last year over those of

1889, amounted to 312,446J cwts., and £156,065 in value, or 15*8

per cent, in weight, and 20*96 per cent, in value. When compared
with the average of the preceding six years, last season exhibits an
increase of 508,012 cwts. in weight, and £184,485 in value, or

28'51 per cent, and 25*76 per cent, respectively. During the six

years previous to last year, the value of shell-fish fluctuated con-

siderably, reaching its lowest bvel in 1889. The returns of last

year exhibit an increase over 1889 of £5,412.

Notwithstanding the very large supply of fresh fish forwarded Prices,

to the home markets, and the competition with foreign fish there,

prices have been well maintained throughout the year. The
average price paid to the fishermen for all kinds of lish was
7s.'10^d. per cwt. In 1889 it was 7s. 6Jd., while the average rate

for the preceding six years was 83. OJd.

Appendix C, No. III., gives some details, taken from the reports Details

of the inspectors and fishery officers, of the total quantity and value
usld^frrsh.^^^^

of the different kinds of white and shell fish landed in Scotland

last year. During the past year or two considerable quantities of

Dutch mussels have been landed on the Eait Coast by a special

steamer. In 1890 the import ofthese mussels was over 28,000 cwts.

Several Oyster and Mussel Fishery Orders.

As stated in the Board's Report for the vear 1887, an Order was West Loch

granted to Messrs William Hay & Co., Tarbert, 3.och Fyne, for the
J^^f^ug^Jf

establishment andmaintenance of a Several Oyscer and Mussel Fishery Fishery Order,

at West Loch Tarbeit, Argyllshire; and it was at the same time stated

that the Board v/ere most anxious to give every encouragement to

the cultivation of oysters and mussels, seeing that many parts of

the coasts of Scotland were well adc^pted for the purpose. It may
be here mentioned that Messrs Hay & Co. have been giving much
attention to the cultivation of this fishery. The spatting season of

1890 was a very favourable one, and it is hoped that the anticipa-

tions which were formed of the enterprise being successful will

shortly be realised.

Since the time above mentioned, numerous inquiries have been
made by parties desirous of engaging in like fishery work, who
have been supplied by the Board with copies of the regulations for

their guidance in making applications for fishery orders. Last Appiicatiou for

ye:ir a memorial was received from Colonel John Wing field
^j^^g^^jjpj^^^^^

Malcolm, yr., of Poltalloch, M.P., and Major Duncan Campbell of Order for Loch

Inverneil and Koss, praying for an Order for the establishment and ^^^'6^"-

maintenance of a Several Oyster and Mussel Fishery at Loch Sween,
in the County of Argyll. The following are the fishery grounds, Description

included therein, viz. :—All and whole the entire part or portion of ''^r'^*-

the bed of the sea in Loch Sween and Linne Vurich, and estuaries,

bays, loch, creeks, and inlets thereof, lying on the north and
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Board pro-

ceeded in case.

Mr Yonng took
evidence, and
recommended
that Order be
granted.

Order granted
by Board.

north-east of an imaginary line, crossing from Castle Sween, on the

east of Loch Sween, to the Kock known as Clach mor of Diinna, on

the west side of the loch, situated within the parish of North

Knapdale, in the County of Argyll.

This memorial having been fully considered by the Board, they

deemed it fib to proceed in the case, and printed copies of the draft

of the proposed Order were published and circulated, and the

necessary notices given, regarding objections being received and

otherwise, as required by the Act. Thereafter Mr Young, Inspector

of Salmon Fisheries, at the request of the Board, made an inquiry

concerning the proposed Order, and for that purpose held a sitting

at Ardrishaig, and took evidence for the promoters and objectors.

He then laid before the Board the evidence taken by him, and his

Eeport thereon recommending that the Order be granted. After

full deliberation upon the said evidence and Eeport, the Board
made an Order in the form proposed, with the exception of some
slight alterations, and the statutory notices having been given,

application was made to have it confirmed by Parliament.

Boats and Vessels, and Persons, employed
w^TH THE Sea Fisheries.

IN connection

Fishing boats
employed in

herring fishery

in a' selected

week.

Boats and
vessels, fisher-

men, and other
persons
employed in

1889 and 1890.

Table 1. Appendix D, gives an account of the number of boats,

decked and undecked, irrespective of the places to which they

belong, employed in the herring fishery in Scotland, in the season

of last year, in a selected week for each district; with the number
of fishermen and boys by whom they were manned; of coopers,

gutters, packers, and labourers employed at the said fishery in the

week so selected ; and the total number of such fishermen and
other persons so employed.

The following table shows the number of boats, decked and
undecked, and beam trawl vessels employed in the sea fisheries

of Scotland ; the number of fishermen and boys by whom they

were manned ; the number of fish-curers, coopers, and other persons

employed, in the years 1889 and 1890 :

—

Capital
embarked in

1889 and 1890.

Years.

i Fishing Boats
and Beam

Trawl Vessels.

Fisherman
and Boys.

Fish-

curers.
Coopers.

Other
Persons

(estimated).

1889, .

1890, .

14,714
14,352

47,943
47,150

1,071

1,050
2,665

2,478

48,178
45,856

Decrease in 1890, . 362 793 21 187 2,322

The amount of capital embarked last year in boats, beam trawl

vessels, and lines shows an increase, as compared with 1889.

The amount expended on lines has been gradually increasing since

1884, which shows that fishermen are paying greater attention to

line fishing than formerly, while the value of netting has been

decreasing during the last five years.
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The particulars of thesa increases and oE the decrease are given Particulars

in the following table

Years.

Value (estimated).

Boats and
Beam Trawl

Vessels.

Nets. Lines. Total.

1889,

1890,

£828,728
833,564

£647,879
630,142 £230

£1,603,307
1,.590,636

Increase in 1890,

Decrease 1890,

£4,836
£17,737

126,930
£126,700 £12^671

The net falling off during the la'it few years in the amount of

capital invested in boats, vessels, and nets is mainly accounted for

by depreciation, loss of boats and material, and by very few nets

having been manufactured since 1884. This falling off would have
been still greater were it not for the increase ia the value of the

boats and vessels, which was occasioned by the addition of 14 large

new steam vessels to the fleet of Scottish trawlers.

Table II. Appendix D, shows the number and tonnage of boats,

decked and undecked, and beam trawl vessels, employed in the

herring and other sea fisheries of Scotland last year, with the

districts to which they belong ; the number of fish-^rmen and boys

by whom they were manned ; the number of fish-curers, coopers,

and other persons employed ; with the estimated value of boats,

beam trawl vessels, nets, and lines.

Table III. Appendix D, shows the number and tonnage of beam
trawl vessels and boats employed in the sea fisheries of -Scotland

last year; with the districts to which they belong; the number of

fishermen and boys by whom manned
;

distinguishing steam
trawlers from sailing trawlers ; with the estimated value of the

vessels, nets, and fishing material.

Table IV. Appendix D, shows the tonnage of shipping, and of

the number of seamen engaged in the trade of the herring and cod

and ling fisheries of Scotland, last year—distinguishing those

employed in importing stave wood, hoops, and salt ; in carrying

herrings or cod-fish coastwise, or exporting them abroad ; and dis-

tinguishing British from foreign- tonnage and men.
The following table shows the total tonnage of boats and vessels,

and the number of persons employed in the herring, cod, and ling,

and other sea fisheries of Scotland in 1890, as compared with 1889:

—

Details of
boats, vessels,

&c. , and
capital

employed.

Details of

beam trawl
vessels.

Tonnage of

shipping and
number of

seamen
engaged.

Years,

Total Tonnage of Boats and Vessels, and Number of

Persons employed.

British. Foreign.

Tons. Persons. Tons. Persons.

1889,

1890,

279,3694
271,65l|

109,757
106,210

43,113

62,003
2,101

3,062

Increase in 1890, .

Decrease in 1890, . 7,718 3,'547

18,890 961

Tonnage of

boats and
vessels, and
number of

persons
employed.
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Abstract
returns of

tonnage and
persons
employed.

Number of

boats and
beam trawl
vessels and
resident

fishermen in

Scotland.

Table V. Appendix D, is an abstract return of the tonnage of

vessels and number of men ; the tonnage of boats and number of

fishermen and boys ; and the number of other persons employed in

the herring, cjd, and ling, and other sea fisheries of Scotland

last year.

Table VIII. Appendix D, is a return, by fishing villages or

creeks, of the number of first, second, and third class fishing boats,

beam trawl vessels, and resident fishermen and boys, in the year

1890. It will be seen that in Table II. of Appendix D, the fisher-

men and boys returned are 7280 more than the above-mentioned

number. This is, however, in consequence of that additional

number, who ware non-resident, having been employed in the

herring fishery at the various stations when the return was
made up.

WExlTHER AND DISASTERS AT SEA.

state of

weather during
summer and
autumn
herring fishing,

and generally

throughout
1890.

Severe gale,

and great loss

of life in June.

1 43 persons
drowned.

Loss in boats
and fishing

gear.

Lives lost,

boats wrecked
and damaged,
and total loss

in boats and
fishing material

in last seven

years.

'The conditions of the weather—an important element in con-

nection with sea fisheries—were, during the great summer and
autumn herring-fishing, generally favourable. Although a strong

gale was occasionally experienced, boats could, with safety, prosecute

the industry every fishing night.

Before the regular season had commenced, and while the early

fishing was in operation, a very severe gale broke out on the morning
of the 25th June. Its greatest violence was experienced between
the Butt of Lewis and the Orkney Islands. Unfortunately it was
attended, with disastrous results to many of the boats and fishermen

then at sea, 50 fishermen being drowned, 12 boats totally

wrecked, a good many damaged, and a heavy loss in netting

sustained.

Throughout the rest of the year, fishing was often retarded by
severe storms; and o3casionally, at some stations, boats were
obliged to remain in harbour for a number of days in succession.

It is to be regretted that last year's losses, in both life and
property, were, with one exception, the heaviest experienced since

statistics were first collected, seven years ago. The returns for

1890 show that 143 fishermen lost their lives—125 on the East

Coast, and 18 on the West Coast—45 boats were totally wrecked,

and 193 more or less damaged to the extent of £10,570, besides nets

and fishing material lost valued at £46,769, or a gross total loss in

boats and fishing material ot £57,339. Loss of life was greatest in

Wick district, no less than 45 fishermen being drowned,—37
by boats foundering at sea. Aberdeen, Leith, Fraserburgh, Wick,
and Stornoway districts sustained the heaviest losses in boats and
fishing material.

The following Table shows the number of lives lost, and the

manner in which those casualties happened ; also the number of

boats totally wrecked, and the number damaged, with the amount
of loss sustained in boats and fishing material in each of the past

seven years, during which period such statistics have been

collected :

—
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Years

Lives Lost by Wrecks or other Casualties.

fill

Boats
Totally

Wrecked.

Bouts
Damaged.

Total Loss
in Boats

and Fishing
Material.

1P84,

1885,
18HG,

1887,

1888,

1889,

1890,

73
126
70

15(5

72
143

112
112
132
187
179
218
193

£29,500
59,825
51,201
51,581
49,82(J

40,460
57,339

Totals, 379 45 20 82 106 699 320 1,133 345,738

Table VI., Appendix D, is a return, by districts, of the number Similar return

of lives lost in connection with th^ sea fisheries of Scotland, and "^y ^^i^t"^*^"*-

the manner in which the casualties happened ; the number of

boats totally wrecked, and the value thereof ; the number of boats

damaged, and the amount of damage ; and the loss on nets and
other fiihing material lost or damaged last year.

MARINE POLICE AND FISHEKY SUPERINTENDENCE.

This superintendence was conducted in the same manner as in

former years, and the regulations in regard to the lettering and
numbering of fishing boats were generally well observed by
the fishermen. The returns show that the number of boats and Number of

vessels detained during the year for non-observance of these regula-
boats detamed,

tions was 550, being a decrease of 48 from the previous year.

The proceedings in connection with the registration of fishing Kegistration

boats during last year were as follow :—The number of applications
^^^o^*^-

made to the fishery officers for registration was 467, the number £ued^e^am-
of certificates issued was 467, and the number examined and ined, and

indorsed 6271.

In Appendix D, Table VII., will be found particulars, classified Detailed parti-

by districts, of these applications to register; of the certificates
^^^^^^'^

issued, examined, and indorsed ; and of the boats detained by the

fishery officers and cruisers under the Board, for non-compliance
with the Fishery Acts.

The vessels employed in carrying on the superintendence of the Vessels

fisheries were H.M.S. 'Jackal,' commanded by Lieut. Augustus
^JJp^g^^^^^^

L. K. Knapton; the Board's cruiser 'Vigilant,' commanded by Mr the fisheries.

Alexander M'Donald ; and H.M. cutter 'Daisy,' commanded by Mr
(Element Roach. These vessels were supplemented in the course of

the year by H.M.S. ' Watchful,' Lieut. Arthur Furlonger in com-
mand, who was appointed for the protection of the closed waters

against beam trawlers daring the absence of the 'Jackal,'

under repair at Devonport, and while subsequently engaged on
special Admiralty service; also, during the great summer herring

fishery, by H.M. gun-boat 'Firm/ Lieut. W. H. Somerset in com-
mand; H.M. cutter 'Eagle,' Mr J. F. Tremayne in command; and
by H.M. cutter ' Active,' Mr John Coree in command ; all of which
were placed at the disposal of the Board for the protection of the

ling
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Services of

'Jackal.'

Services of
' Vigilant.

Services of
' Daisy.'

Services of
* Firm/ and
* Active.'

fisheries, by the Admiral Superintendent of Naval Reserves. The

services of these vessels during the year v^ere as follow :—
H.M.S. 'Jackal' was engaged in the early part of the year

upon the East Coast—hsr head-quarters being at Gran ton—in the

general superintendence of the fisheries, and in protecting the

closed waters against the encroachments of beam trawlers. During

the year the ' Jackal ' reported three beam trawlers as having

been engaged in fishing within the proscribed waters. In con-

sequence of having to proceed to Devonport for repairs, and her

subsequent engagement in conveying the Western Highlands and

Islands Commissioners to Orkney and Shetland, the 'Jackal' was

unable to undertake the usual superintendence of the Hebrides

herring fishery at Barra; but after her services with the Commis-
sioners were completed, she returned to the East Coast for the

great summer herring fishery, taking up her station at Wick, and
carrying on the superintendence from Eattray Head on the south,

including both sides of the Moray Firth, and the southern part of

the Orkney Islands. At the close of this fishing, she returned to

Granton, and resumed her general superintendence of the fisheries

on the whole East Coast.

The ' Vigilant ' cruiser was employed from January to May in

the general superintendence of the fisheries in the Clyde estuary,

and at Ballantrae, on the Ayrshire coast; in prohibiting trawling

within the closed waters; and restricting daylight herring fishing,

in terms of the Herring Fishery (Scotland) Act, 1889. From
the want of steam power, she was, liowever, unable to

detect any trawlers fishing within the proscribed areas. About
the middle of May she proceeded to the Hebrides herring

fishing, her range of superintendence including the whole of

the 'coast from Stornoway to Barra, owing to the inability of

the 'Jackal' to undertake the Barra section. While there, she

was of great use in rendering aid to fishing boats during a

heavy gale on the 24th and 25th of June, and in assisting those

driven on the rocks. F\irther, her commander was instrumental

in settling many cases of damage, without expense to the fishermen.

The 'Vigilant' then proceeded to the East Coast for the great

summer herring fishery,—making her head-quarters Granton, and
extending her superintendence from lied Head on the north to

Berwick-on-Twead on the south. At the close of this fishing she

returned to the West Coast, and resumed her superintendence

there,—her commander settling amicably all disputes referred to

him by fishermen. Besides her duty in fishery superintendence,

the 'Vigilant' was engaged, as in previous years, in taking a series

of continuous physical observations in connection with the

scientific work of the Board. During the year, 1150 boat register

certificates were examined by the commander ; 287 boats detained

for non-observance of the fishery regulations ; and 216 boats com-
municated with, and the law regarding carrying proper lights

explained, and its observance enforced.

H.M. cutter ' Daisy ' was, as usual, employed during the year
in the superintendence of the fisheries in Loch Eyne and on the

West Coast ; H.M. gun-boat ' Firm ' was employed in protecting the

fisheries around the Shetland Islands and the northern part of the
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Orkney Islands ; H.M. cutter ' Active ' was also employed round the

Orkney Islands on similar duty ; and H.M. cutter ' Eagle ' was sta- Services of

tioned at Aberdeen for the superintendence of the coast from Eattray '^agie.'

Head on the north to Red Head on the south, and while engaged

in this duty her commander carefully protected the closed waters

against trawling, and was the means of detecting one trawler

infringing the law, who was afterwards prosecuted.

H.M.S. 'Watchful,' as before stated, was appointed to take the Services of
^

place of the 'Jackal' during her temporary absence, and through

the services of her commander, Lieut. Furlonger, 15 trawlers were

detected infringing the law during the 2J months she was engaged

on this duty.

Besides the cruisers engaged exclusively in fishery superintend- Services of

ence, the Board's small steam-vessel, the ' Garland,' under the com- 'C^ariand.'

mand of Mr R. E. Simpson, who has been appointed a Sea Fishery

Officer, assisted in protecting the territorial waters on the East

Coast while carrying on her duties in connection with Scientific

Investigations. During the year the 'Garland' reported five

trawlers engaged in illegal fishing.

In regard to the marine police and superintendence of the

fisheries above mentioned, the Board, with the view of more
effectually enforcing the Acts of Parliament and their own Regula-

tions regarding the fisheries, issued special instructions to the Special instmc-

commanders of the cruisers in their service and those placed at
^^^^j^^^Srs^of

their disposal by the Lords of the Admiralty, drawing their cruisers,

particular attention to the provisions of the Acts and the Bye-
Laws passed by the Board closing certain waters against beam
trawling, to the carrying of the prescribed lights by fishermen, the

lettering and numbering of all fishing boats, the preventing fisher-

men's lines and nets being destroyed by other fishermen, especially

trawlers, and requiring them to use every endeavour to see that the

fishery laws were obeyed by those engaged in fishing, and that the

various classes of fishermen have every possible protection in the

prosecution of their calling; and, further, to render what assistance

they were able to give in preventing loss of life and fishing boats

or gear, through accidents and stormy weather.

The Board must again express regret that the arrangements for Arrangemeuts

the general superintendence of the fisheries, and more especially ^-^^^^j^^'

for protecting the waters closed against beam trawling, are still so fSheries

inadequate. As already adverted to, the superintending cruisers inadequate,

permanently in the service of the Board, consist of H.M.S. 'Jackal'
with her tender, the sailing cutter 'Daisy,' and the Board's sailing

cruiser ' Vigilant,' supplemented, during the great summer herring

fishery (a period of about two months), by H.M. gun-boat ' Firm/
the sailing cruiser 'Active,' and occasionally by the sailing cruiser

Eagle/

Prior to the establishment of the present Board, the duties im- Duties

posed upon the cruisers chiefiy consisted in carrying out the
^/Jsg^^^^/ ^JJ^'

provisions of the Sea Fisheries Convention, preventing foreigners cruisers!^°"

fishing in the territorial waters, maintaining order and adjusting

disputes amongst the fishermen, and enforcing the provisions of the

Fishery Acts relating to the lettering, numbering, and registering

of fishing boats, and signal lights. Under the present Board,
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however, thsir duties have become much more numerous and

important. It is to tliese cruisers that the Board have now to look

for the protection of the rights of line and net fishermen again

the operations of trawlers, and the due enforcement of the statutes

which have been passed, in the general interests of the fisheries,

against trawling in certain areas. The areas, originally closed by

the Board for the purpose of investigating the eSect of trawling,

were gradually extended, as the evidence accumulated that it was
injurious to the fisheries to use a beam trawl in the inshore waters.

At length the Herring Fishery (Scotland) Act, 1889, was passed,

closing all the territorial waters round the coasts of Scotland, with

the exception of the Solway and Pentland Firths, against trawling,

sj that now, although the important duty of protecting the interests

of line and net fishermen in the closed water? against trawling has

been entrusted to the Board, in addition to the duties formerly

devolving upon them, the staff of cruisers placed at their

service has not been added to.

An Act was passed last year amending the Herring Fishery

(Scotland) Act of 1889, to the effect that any person trawling in

the closed waters shall be liable to a line not exceeding £100,
(instead of the smaller fines then in force), or imprisonment for a

period not exceeding sixty days, but, notwithstanding this, com-
plaints are constantly being received from different parts of the

coast of the infringement of the law. A large number of prosecutions

have been instituted against trawlers, many of whom have been
convicted and fined ; but this seems to have had little or no effect

in preventing the law being contravened. In these circumstances

the Board were under the necessity of again urging upon your

Lordship that this matter should be efficiently dealt with, and they

submitted for your consideration the following proposal, namely:
—That in addition to the 'Jackal,' an etEcient gun-boat should

be placed at their disposal all the year round ; that the Board's

cruiser ' Vigilant ' should be replaced by a suitable steam vessel

;

and that each of these vessels should be furnished with a steam
launch for special service.

The Board were much gratified to learn in reply, that your
Lordship was in cammunication with the Lords of tlie Admiralty
regarding the matter, with the view of submitting a scheme to the

Lords of the Treasury for dealing with it; and they hope that

the issue will be such as will enable them satisfactorily to carry

out their important duties in the administration of the fishery laws.

Injuries done by Trawlers or other Fishing Boats to the
Boats or Gear of Fishermen.

Return of In Appendix E, No. I., will be found a return, by districts, for

in^£ated ^^^^ Y^^^, of complaiuts made to officers of the Board, and investi-

and reported gated and reported on by them, of injuries done by trawlers or

other fishing boats to the boats, nets, lines, or gear of fishermen
and showing the results in each case.

From this return it will be seen that the complaints investigated

and reported on by the Board's fishery officers and commanders of

fishery cruisers continue to decrease in number, there being only
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70 cases last y^ar, as compared with 79 in 1889, and 128 in 1888.

Twenty-two complaints against trawlers, and 13 against fishing Damaging

boats, for damaging lines of other fishing boats were investigated

and reported on, 32 being satisfactorily settled (based on the

officers' reports), and 2 not proven, while, in the remaining case, the

complainers declined to accept the officer's decision. Of 21 cases

of collision, and consequent damage to boats, 20 were satisfactorily Collisions,

settled. There were 8 complaints against fishing boats for damage Damage to

to nets, and 2 for the same offence against trawlers, which, together
JJ^^^'^^J'^j^^^^^""

with a complaint of damage to crab creels, and 2 of abstraction of trawlers,

buoys, were all satisfactorily s3ttlod.

Forty-one of the total number of complaints arose from damage Damage sus-

sustained outside the territorial waters, while 29 occurred inside
^^d o^uSide^

these waters. Of these, the Board's fishery officers investigated 57, the territorial

the commander of the * Vigilant" cruiser 12, and the commander of waters.

H.M.S. 'Jackal' i.

It is satisfactory to note that in only one case was recourse had Eesuits satis-

to legal proceedings, and that in this case the finding of the Sheriff

confirmed the decision given by the officer. A great deal of

expense was thus saved to the fishermen through the instrument-

ality of the Board's officers. Damages amounting to upwards of

£75 were awarded.

The Board would here repeat the recommendation which they Fishermen

made in the last Keport, that any fisherman whose boats, nets, ciam™shoiikr
lines, or fishing gear are damaged by a trawler or other fishing compfain to

boat, should immediately complain to the fishery officer of the oncers,

district, or to any of the commanders of the superintending

cruisers, who will, in terms of the Act of Parliament, inquire

into the circumstances of the complaint, and furnish a report

setting forth, as far as possible, the particulars thereof, stating

the amount of damage done, and who is in fault. In the event

of both parties being satisfied with the report, the matter may
be settled in terms thereof; but if an arrangement is not made,
then the party who has sustained damage may take the case into

court, and have the question tried and decided by the Sheriff, the

officer's report being part of the evidence.

This recommendation is all the more pressed upon fishermen, as Great import-

by such inquiries and reports they are usually enabled to get a
^^l^^^lf^^^

settlement of the damage they sustain without having recourse fishermen,

to legal proceedings, or incurring any expense
;
and, indeed, it

would appear that the cases already decided have had the effect of

making trawlers and other fishing boats more careful than hitherto

in avoiding doing injury to each other.

TERRITORIAL WATERS CLOSED AGAINST BEAM
TRAWLING.

As stated in last Report, the Herring Fishery (Scotland) Act, Act passed

1889, closed all the territorial waters round the coasts of Scotland, tidarwaTers
excepting the Solway and Pentland Firths, against beam and otter round the

trawling, save only within such areas as might, from time to time,
g°otiami

be permitted by the Board's bye-laws. Reference was also J^^^de rj,^^,^ 1^^^*!^^^^,^

to two bye-laws which, under the statutory powers conferred on made.
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them, the Board passed, and whicli were confirmed by your Lord-

ship—one of tham opeaing up certain waters in the Clytie to small

sailing vessels fishing by means of a b^am trawl, and the other

granting permission to any paraon in the service of the Board, or

possessing their written authority, to use, when employed in con-

nection with the experiments and observations hitherto conducted

by the Board, or other scientific purposes, the method of fishing

known as beam trawling, within three miles of low water mark, on

any part of the coasts of Scotland.

In the course of last year the Board, under their statutory

powers, passed a further bye-law closing against beam trawling the

waters in the Moray Firth inside of a straight line drawn from the

Ord of Caithness to Craighead, near Buckie. The primary object

of the Board in passing this bye-law was to prevent the capture, by
trawlers, of immature fish, which exist in large numbers in the

area closed, especially off Spey Bay. One of the principal fishery

questions now being discussed, is how to prevent the wasteful

destruction of immature fish. So important has this subject

become in relation to the fish supply, that an International Con-
ference was held in London last year, with the object of devising

means to lessen it. It is believed that the capture and destruction,

in large quantities, of such fish, is the chief cause of the diminu-

tion in the fish supply. This is more particularly the case as

regards the different kinds of valuable flat fishes, which are more
easily taken by the beam trawl than other fish. Keference may
also here be made to the special report on this subject in the Board's

last Annual Eeport, Part III., page 10, from which it will be seen

that immature flat-fish are by no means confined to the territorial

v/aters, but are also found far beyond them—indeed, certain kinds

of them are most numerous in the off"-shore waters.

Owners of trawlers presented a Memorial praying that this bye-

law might not receive your Lordship's confirmation, or at all events

that the area closed by it might be restricted. It may be pointed

out, however, that the area was considerably less than that sanctioned

by Parliament, and that it was by no means too large for the purpose

contemplated, especially when it is remembered that the most
valuable fishing banks in the Moray Firth are considerably outside

the limits of the bye-law.

Eepresentations were also made by line fishermen in the Moray
Firth, through an influential deputation, who waited upon the

Board, to the effect that the area in the bye-law should be ex-

tended to the limits sanctioned by Parliament, as it would have a

beneficial effect on the line fishing. Statistical returns were pro-

duced by them, showing the enormous destruction of immature
fish by trawlers, and the injurious effect trawling operations had
upon the fishing grounds in question. The Board, however, were
unable to comply with the desire of the deputation, but intimated

their intention of continuing to procure returns of stitistics, as

well as the opinions of all persons interested, and of carrying on

those investigations in the Moray Firth, which had been made by
means of the ' Garland ' from time to time.

The bye-laws mentioned above, and the others made by the

Board, which are in operation, will be found in Appendix E. No. II.
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It has been pointed out in foriuer reports rhiit tlie Board havc^ impossible to

found it impossible to prevent trawling in the proscribed waters,
^Ifi^^without

mainly owing to their not having a sufficient staff of cruisers; and sufficient stafl"

they regret to say that numerous complaints were received in the

course of last year, of the confcinucjd infringement of the law by

trawlers. They have, therefore, deemed it necessary again to draw

attention to this matter; and their views are fully st.itad under

'Marine Police and Fishery Superintendence/ on pages xxxvii-

viii hereof, to which reference is made.

The experiments instituted by the Board in order to ascertain Experiments

the influence of beam trawline on the fish supply of the territorial to influence

1 1 11- L^ -i^ 1 1 I- 1 ,. 01 trawling on
waters have been contmued during the year. J^ull particulars or fish supply,

this work will be founJ under Scientific Investigations, forming

Part III. of this Report.

Each of the complaints of trawling in the closed waters men- complaints

tinned above was fully considered by the Board, and ^^^^never ^^g^^^^^t traw-

it appeared to them that the evidence in support of a complaint iu^proIcribed°

was well founded, the case was reported to the Procurator-Fiscal of waters,

the county where the offence was committed, informing him at the

same time that the Board were of opinion that, in the interest of

the fisheries, the alleged offenders should be prosecuted.

From Appendix E, No. IIL, which is a return of proB.^cutions Return of

against beam trawl vessels last year for alleged infringement of the agaSliir^d
bye-laws of the Board, or the provisions of the Herring Fishery offenders.

^^^^

(Scotland) Act, 1889, prohibiting beam trawling within certain

waters round the coasts of Scotland, it will be seen that thirty-

eight trawlers were tried for contravention of the bye-laws and
Act referred to. Thirty-four of these were found guilty, and fined

in sums varying from £1 to £30, and one not guilty, while three of

the charges were found not proven. The nets were also forfeited

in two cases. The total amount of the fines was £257.

The Board would strongly recommend fishermen, when they see Fishermen

a trawler fishing within the proscribed waters, to endeavour to ^^^^^^^^^^
s**^

such evidence of the fact as would lead to the conviction of the

offender, and communicate the particulars of the case to one of the

Board's officers or commanders of superintending cruisers, who will

at once report it to the Board.

HARBOURS.

The state of the Harbour Works in progress, with which the

Board are connected, during the year 1890, is as follows :

—

PORTKNOCKIE HARBOUR, BaNFFSHIRE.—The WOrks as contracted Poi-tknockie

for by Messrs Morrison & Son, have been finished, and in addition
^^^^^j^^^J^j^^

a quay on the south side of the harbour has been erected, and the pieted!

heights of some rocks near the entrance have been reduced. The
Board also authorised a small additional expenditure in excavating
some rocks outside of the harbour, which w<)rk will be carried out by
the harbour authority as opportunities offer. The harbour has been Description

built according to a design by Messrs D. & T. Stevenson, C.E., and thereof,

consists of a pier about 400 feet in length with an L head 90 feet

in length, extending into a depth of 12 feet at low water, and an
d
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inner jetty or quay extending from the shore for.{i distance of 220

feet. The area of the harbjiir is about 3^ acres. The depth of

water, at low water at the entrance, is 12 feet, which compares

favourably with that of any other fishing harbour on the East

Co^ast of Scotland. The harbour is easily taken ; and from its

depth admits boats tc enter or leave at all states of the tide or

weather. Had there been funds sufficient to execute the south

breakwater, as in the original design, the harbour would have
been greatly improved ; but this breakwater can be erected at any
future time should funds be forthcoming. The cost of the present

works has amounted to £10,457, of which the locality have con-

tributed £3,500, and the Board £6,957.

Bkoadford Harbour, Isle of Skye.—The work at this harbpur
which, as stated in last Eeport, was let to Mr John Best, Leith,

has not progressed so expeditiously as was anticipated. The
founding of the work is very much dependent on the state of the

tides and v^eather, and is necessarily a slow process, for onl}^ a

limited number of men can get room to work. The contractor has

further difficulty in getting men to work for him. The concrete

work has advanced to within 17 feet of its outer end. The
foundations of this outer length are now being prepared, and
should the work not be interrupted by frost, this part of the pier

will be speedily finished. The excavations are also proceeding

whenever the tides admit,—the stone excavated being used in the

hearting of the concrete pier. The contractor has had part of the

timber for the head on the ground for some time
;
and, whenever

the concrete work is finished, this part of the undertaking will be

pushed on vigorously to completion. The workmanship, so far as

executed, was found by Messrs D. & T. Stevenson, the engineers,

on their last inspection to be entirely satisfactory.

Balintore Harbour, Eoss-shire.—The works at Balintore, as

stated in last Eeport, were undertaken under a Provisional Order.

The working drawings and specifications were prepared by Messrs
D. & T. Stevenson, C.E., and the tender of Mr George Pirie, con-

tractor, Aberdeen, ta execute the works for £6625, 9s. accepted.

Mr Pirie commenced operations in April last year. The east pier

has b3en extended seawards for a distance of 384 feet, the excava-

tions have been partly made, and generally the contractor has shown
satisfactory progress with the works.

Ness Harbour, Island of Lewis.—-The works for the extension

of this harbour, as stated in last Eeport, were undertaken under a

Provisional Order. The working plans and specifications were
prepared by Messrs D. & T. Steveason, C.E., and a contract was
entered into with Mr Norman Forbes, Stornoway, to execute the

works for £5405, ISs. 6d. He commenced operations in June last,

and good progress has been made. The breakwater at SgarabhpJ
has been completed

;
nearly one-third of the rock excavation in

the entrance has been overtaken ; and the proposed quay and
breakwater have been partly executed. The progress of the wprk
is satisfactory, and, if favoured with good weather, it is expected
that the harbour will be completed during this season.

CoLDiNGHAM HARBOUR, BERWICKSHIRE.—-As Stated in last year's

Report, it was expected that this harbour would have bien com-
pleted last summer; but, although the concrete work has been
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iiniahed for some time, the excavation of the entrance channel has

proved a very tedious operation. The contractors' men have been Progress of

engaged for a considerable time at this part of the work; but the

frequent interruptions from bad weather have prevented it baing

finished. The excavations, however, are practically completed, and
soundings are being taken to test whether the contractors have
satisfactorily execut.^d this part of their contract.

AucHMiTHiE Harbour, Forfarshire.—The works at this Auchmithie

harbour, as stated in last Eeport, were undertaken under a Pro- Harbour,

visional Order constituting a body of trustees, witli power to levy

dues, for the management and maintenance of the harbour, who
adopted a plan for the work by Mr James Barron, C.E., Wick. The
plan was approved by the Board, and Mr Barron was appointed

engineer. Working plans and specifications were prepared by him,

and a contract entered into with Mr John Malcolm, Dunnet,
Caithness, to execute the works for the sum of £4428. It was
further agreed that the Board should contribute a sum not

exceeding £3375 towards the completion of the harbour, on con-

dition that the trustees in the first instance expended £1125 on
the works. The contractor commenced operations in February of Progress of

last year. The whole of the concrete work in quay walls and
breakwater, has been completed, with the exception of a portion of

the covering of the roadway. The rock excavation to low-water

level is completed, and a considerable portion of the rock below
level of low water has been excavated to the specified depth. The
work, so far as executed, is of good quality, and has been carefully

inspected. The works have been well tested during the winter,

and have suffered no damage whatever ; and it is expected that the

harbour will be shortly completed.

The Board, during the course of last year, received several Applications

applications for assistance towards building or improving other JeLtv^cffw^
fishery harbours on various parts of the coasts of Scotland ; but other Har-

they regret that, owing to the funds at their disposal for this pur-

pose being all allocated, they were unable in the meantime to

entertain any of these applications.

In consequence, public attention is being called to the inadequacy
of the present grant to this object, which still remains at the sum
fixed in 1809, when by the Act 48 Geo. III. c. 110, sec. 55, the

Fishery Commissioners were authorised ' to allow premiums or
' bounties not exceeding the sum of £3000 in whole in any one
' year,' to be paid to persons employing boats of not less than 15
tons in taking herrings on the coast of Scotland. In 1824, by the

Act 5 Geo. IV. c. 64, sac. 9, £2500 of this annual grant was directed

to be applied to ' encouraging and assisting the building, making, or
' repairing of piers or quays at such ports and places on the sea coasts
* of Scotland as shall appear to the Commissioners to be most fit

' and necessary,'—and the balance of £500 ' in providing materials
' for the repair of boats of poor fishermen at such ports or places
' where piers or quays are or shall be built.' This continued down .

to the year 1850, when by a Treasury Minute the whole of the

£3000 was appointed to be applied to harbours, which has since

been done with the addition (since 1883) of a portion of the surplus
brand fees. These fees in some years have represented a consider-

able mm, but last year the available surplus only amountei to
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£1500,— the whole of which weat for telegraphic extension—the

annual appropriation for telegraphic extension originally commencad
in 1884 at £1000, b^in^^ now £1500. The result has been that

practically the Board have had no money to give for the building

of harbours beyond the annual grant of £3000 for some years;

and notwithstanding the growth of the country in wealth and
population, the great increase of the size of the boats used by

iidiermen, and the enormous extension of the fishing industry, we
are no further forward in its public promotion and encouragement,

so far as the Imperial Exchequer is concerned, than in 1809.

The following is a list of the most important and pressing appli-

cations before the Board, which, for the reasons above stated, could

not be entertained, with the estimated cost of the works, the sum
to be contributed by the locality, or otherwise raised, and the sum
asked to be voted by the j^oard :

—

Places.
Estimated

Cost.

Locality's

Contribution.

Board's

Share.

Stonehaven, . £15,000 £10,000 £5,000
Cairnbulg, &c., 13,000 3,000 10,000
Whitehills, . 9,000 2,250 6,750
Pennan, 6,000 2,000 4,000
Burnmouth, . 3,500 1,166 2.334

St Andrews, 4,000 1,000 3,000
Nairn, .... 4,000 1,000 3,000

In addition to the above, applications for grants for harbours have
been received from the following places, viz.:—Avoch, Badentarbert,
Blackwater, Colliestou, CuUen, Carradale, Dunbeath, Embo, Fair
Isle, Foula, Fraserburgh, Girvan, Golspie, Helmsdale, Keiss, Kin-
lochbervie, Leckrobie, Lochbuie, Longhope, Melvig, Port Errol,

Portmahomack, Port Seton, Portskerrj, Skerray, Scoraig, Stroma,
Talmine, Tiree, Waternish, West Loch Tarbert, Uig.

statement of In Appendix F, will be found an account of the receipt and
tuuds. expenditure by the Board last year for building, extending, and

repairing piers and harbours.

TELEGRAPHIC EXTENSION TO REMOTE FISHERY
DISTRICTS.

In the last Report the names of places were given to which
telegraphic communication had been extended under agreements
entered into between the Postmaster-General and the Board,
together with illustrations of the benefits which had resulted to the
fisheries by such extensions.

Great benefit Telegraphic extensions are most valuable to fishermen, fishcurers,
of telegraphic
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niul others euga^ed in tho fishing industry, as they afford them extension as

great facilities in ci)nducting their operatioiis. By this means tha

carers and foreign herring wjerchants are ablti, during the season, bo fisheries,

liave constant communication with each other— sales of cured

lierrings on the Continent and the prices realised being known as

far distant as Barra, almost as sjon as they take place. It is also of

primary importance to the consigners to know the stocks of

herrings on hand in the Russian and German markets, so that they

may be abh^ to judge as to the places to which they can most
advantageously send their consignments. When the fishing turns

out more pr.)ducbive at remote stations than was anticipated, the

curers can bring to the spot extra supplies of barrels and salt and
other materials necessary for carrying on their trade, in a much
shorter time than before ; and they can also more quickly charter

additional vessels when such are required, and get their goods

insured. Fishermen are also enabled, during the fishing season, to

((et early information as to the places wh:?re shoals of fish appear,

so that they can remove from one station to another, and thus more
successfully prosecute the industry. The fishery officers, on learning

that herrings have appeared in their respective districts, have been

instructed to telegraph the fact to officers in neighbouring districts,

for communication to the fishermen.

It may also be mentioned that it is of great importance to those

engaged in the distribution of fresh fish throughout the country to

know, day by day, at what centres of the population suitable sup-

plies are being delivered, and where further supplies are required,

in order that they may be able to so regulate their trade as to secure

the greatest benefit to themselves and the community, by avoiding

the risk of sending fish to markets already fully stjcked or being

kept in ignorance of new markets. This necessary knowledge can
only be obtained by means of the telegraph.

Further, a telegraph office at a remote station materially facili-

tates the arrival in harbour of becalmed boats, as curers at the chief

ports are enabled to receive such information in regard to the position

and distance of the fleet as to admit of their despatching steamers

to the places where the boats lie becalmed, and tow them into har-

bour. A delay of a few hours at sea, through calms, has often

caused a decrease in the value of a boat's catch of from 50 to 75
per cent.

The Board continue to receive reports from their officers of the Reports of

great advantages of the telegraph in their respective districts,

extracts from which may be here given.

Regarding Wick district, the officer reports that the telegraphic Wiek district,

extensions there continue to be of much service to the fishing

population, and are being taken advantage of to an increased extent

annually. In the remote districts of Durness, Tongue, Farr, and
Strathy, nearly all the young and middle-aged men migrate during
the summer season to the large fishing stations of Wick, Fraser-

burgh, Peterhead, and Aberdeen, to be employed at the herring

fishing as hired liands. Finding that letters are long in reaching

them by ordinary course of post, nearly all resort to telegraphic

commuDication, and their engagements for the season are often

made by this means. There are few fishcurers at these remote
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places, and fishermen, being thrown upon their own resources for

the disposal of their fish, which are carted long distances to the

nearest railway station, for consignment to agents in London,

Birmingham, and other large towns, use the telegraph to advise

their agents of the despatch of the consignments. The success of

the fishing at any station is immediately communicated to other

stations along the coast by means of the wire, thus enabling

fishermen from other places to participate in the fishing before

the shoals leave the coast. Communications of this nature are

of common occurrence between Scrabster and Wick, and vice

versa. At the former station nearly all the fish landed are sold

by auction by Wick salesmen, who, when the fishing is poor, return

to Wick along with the buyers. Should chance takes, however,

be landed at Scrabster, after the salesmen have left, the fishermen

immediately wire to Wick, where the fish are purchased according

to the quantity and dcvscription given, the bayers thereafter pro-

ceeding to Scrabster and taking possession of their purchases.

By this means fishermen always receive a higher price for their

fish than by selling privately. As in previous years, when by

reason of gales of wind and stormy weather, boats could not reach

their own ports, and had to run to distant places for shelter,

causing alarm and apprehension of disaster among the relatives of

the fishermen, telegraphic communication was at once resorted to,

and in the course of an hour or two replies were received account-

ing for the missing crews. Whenever the fishing was successful at

Wick the resident officer communicated the news to the officers at

the adjoining stations, for the information of fishermen who, as a

rule, took advantage of the intimation, and often succeeded in

securing good takes of herring.

Orkney From the Orkney district, the officer reports that among other
district. instances of the benefits derived from telegraphic extension was one

that occurred on the 2nd of August, when a message was received

from Wick, intimating that a heavy fishing was being landed there

that day. The different stations in Orkney having been instantly

apprised by wire, a number of the South-Isles boats proceeded to

the Wick fishing ground and secured fair takes, which some of

them landed at Wick, and others at Watersouud, in Orkney.

Messages were frequently transmitted for fishermen's information

between the North and South Isles of Orkney, during the herring

fishing season, giving details of fishing, and indicating as nearly

as possible the most productive fishing ground, which was a great

boon to all concerned in the herring fishery in Orkney.

Shetland The Shetland officer reports that during the past year the tele-
district, graphic extensions to the more remote parts of his district have been

of great benefit to all parties engaged in the fishing industry, and were
largely taken advantage of, not only by them, but by the general

public; and there is every indication that they will be made use of

to a still greater extent in future years. A large portion of fishery

business, such as advice of fresh fish to the southern markets, of

herring shipments to the Continent, and of insurance of the various

cargoes, is now done by means of the wire. The telegraph still

continues to be of great value during the haddock fishing season,

and but for the facilities afforded by it, it would be almost im-
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possible to prosBcute this fishing with advantage at several of the

remote stations in the district.

The officer at Sfcornoway specially reports regarding the most
recent telegraphic extensions carried out in Stornoway district, ^^^^trict.

namely, those connecting the town of Stornoway with Portnaguran,

Garrabost, Gres?, Barvaa, and Ness; covering in all. a diatance of

about 50 miles. These extensions were efFacted toward.s the end
of 1888, and the officer states that they have been highly appre-

ciated by the fishermen and others in these localities—so much
so, that, looking back to the time before the extensions were
carried out, the communities express wonder that trade could have
been conducte.l so long without the aid of the telegraph. In a

district where postal communication is slower and Jess regular than

on the mainland, it is evident that telegraphic facilities are of the

highest importance, and the opportunity they afford for rapid in-

terchange t)f communication has been largely taken advantage of

by the industrial population in all matters affecting their welfare.

The particular branches of trade benefited, and the general con-

veniences provided through the agency of the telegraphic extensions

referred to, have been fully detailed in former reports on this

subject, but it may be repeated here that the fish trade of the

district has had a special share of the advantages accruing from

more direct communication with the central markets of the country,

and in being able to make arrangements for immediate disposal of

perishable fish. Although the offices openeJ in the Lewis have

not yet become self-supporting, there is, notwithstanding, evidence

that, year by year, trad3 in connection with the fisheries of the dis-

trict has generally improved, and there is, therefore, good hope that

the telegraphic conveniences will contribute to a still larger increase

and improvement as time goes on until there will be no need of

any extraneous aid in support of telegraphic extensions.

The Fort-William officer reports that at the station of Dervaig, Fort-Wiiiiam

from which large quantities of white and shell fish are forwarded, f^is^rict.

the telegraph is said to be extremely useful as a medium for

ascertaining the best markets, and therefore very beneficial to the

fisheries. The extension to Coll and Tiree is also admitted to be

very valuable in enabling the fishermen to dispose of their fish

to the best advantage, and as being the means of greatly increasing

the quantities shipped to the markets for use in a fresh state.

In Eothesay district, the officer reports that telegraphic extension Rothesay

to the fishing stations of Loch Eanzaand Pirnmill, Arran, continues ^i'^*^^^*-

to afford great facilities for communication in connection with the

fishing industry. An instance occurred where fish, to the value of

over £200, wouhl have been lost to the fishermen but for this ex-

tension. As the fish lamled are all despatched to market fresh,

buyers and fishermen alike are fully alive to the benefits accruing

from the knowledge of the state of the markets, and where the

fish can best be disposed of. It is also of great service when,
through stress of weather or other causes, the boats have to run

for shelter to other ports. At Loch Kanza as many as 160 boats

manned by over 500 men and boys have repeatedly taken refuge

from storms while prosecuting the herring fishing on the north coast

of the island, and the wire has been the only means by which their
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sat'ii arrival in port could communicated bo their relatiy^is. Nob
nnly has the telegraph i)roved a benefit to those connected with

the fisheries, but also to the locality generally.

The above particulars afford renewed evidence of the great value

of telegraphic extension to remote fishery districts in Scotland, in

promoting the development of the fisheries, as well as the interests

and convenience of the general community.

Expenditure In Appcudix F, will be found an account of the receipt and
lor telegraphic expenditure by the Boar<l last year for telegraphic extension.
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LOANS TO FISHEKMEN TO PURCHASE BOATS AND
GEAR.

During the past year 70 applications for loans were received Applications

from crofting parishes, the applicants numbering 298, and t^^^' airpH7an'ts,and

amount asked being £11,184, 13s. By far the largest number of aitjount asked,

applications were as usual received from the districts of Stornoway
and Wick.

Full inquiry was made into each case, and of the applications Number and

received thc} Board, after the fullest consideration, decided to grant
j^J^^g"^ wanted

25 loans, the sum sanctioned amounting to £4,721. Forty- fou r anTcompieted.

loans were completed, the amount paid over beinj,^ £8287, 10s.

Since the Crofters Act of 1886 came into operation, 865 appli- Particulars of

cations has^e been received from 3181 persons ; the amount asked
Qrof^g^,!^^ct

being £104,532, 8s. In 346 casjs loans have been sanctioned, was passed,

amounting to £41,471, 16s., and 241 have been carried out, the

S'un paid over being £29,213, 16s. 7d.

The following are details of the applications received and Details

advances made in the different fishery districts containing crofting f^s^^^^^^s

parishes:— d'istricts.

FiNDHORN District.*

This is the only district affected by the 32nd section of the Findhom

Crofters Act of 1886 from which no applications for loans have ^^i^trict.

ever emanated.

Cromarty District.

Two applications were received last year from 8 persons for Cromarty

aJvances amounting to £634, but in neither case was a loan sane-

tioned,—two loans made in 1889 being the only ones yet carried

out in Cromarty District.

Instalments—principal and interest—amounting to £74, 6s. 6d.

have fallen due, of which £61, lis. 5d. has been paid, and £12, 158.

Id. is in arrear.

Helmsdale District.

In 1890 17 persons resident in this district made live applica- Helmsdale

lions for participation in these loans, the gross amount asked being

£636. One loan was sanctioned, for £250 and ultimately paid

over, being the only loan made last year.

Since the Crofters Act of 1886 came into operation, ten loans have
been made, all of which were for the purchase of boats, the amount
issued being £1519.

Instalments—principal and interest— amounting to £423, 9s. lOd.

have fallen due, £238, 10s. 5d. of which has been paid, while
£184, 198. 5d. is in arrear.

* The boundaries of each fishery district will be found on pp. 5-23 of

Appendix A, No. I.
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TncUuled in thj instalments paid is a sum of £18, the proceeds

oE sala of a boat which had been seriously damaged, and abandoned
by her owners.

Lybster District.

Lybstcr Last year Lybster t)istrict furnished only threo applicants for
(iistnct.

^j^g [own of £170, which was refused. Two loans sanctioned in

previous years were carried out, the sum paid over being £317,
made up of two advances of £60 antl £257.

Since the advent of the fishermen's loan.^, eight have been com-

pleted, six for the purchase of boats, and two for gear, tlie amount
advanced being £1224.
Instalments—principal and interest—amounting to £373, 10s.

8d. have fallen due, £267, 4s. 9d. of which has been paid, while £106,
03. lid. is in arrear; the instalments paid including £63, I5s. 9d.,

the net proceeds of sale of a boat seized for non-payment of

arrears.

Wick District.

Wick (Jistrict. Twelve applications were received last year from 34 persons

resident in this district for loans amounting to £1717, and 5 loans

were sanctioned to the amount of £861. Twelve loans were com-
pleted, the sum lent being £2519, and the loans ranging from £32
to £284.

Since 1886, 71 loans have been carried out, 67 for the purchase of

boats and 4 forfisliing gear, the amount issued being £9615, Is. 6d.

Instalments—principal and interest—amounting to £2682,
Is. 6d. have fallen due, £2475, lis. 3d. of which has been paid,

while £206, 10s. 3d. is in arrear. Included in the instalments

paid are—(1) £259, Os. 3d., the amount of insurance effected over

4 boats totally wrecked during the last two years ; and (2) £423,
3s. 3d., the net amount received for 6 boats seized by the Board for

non-payment of instalments, or given up by their owners and sold

to other parties.

Orkney District.

SstSct
1890 Orkney District was responsible for only one applica-

tion from a single person, the amount asked being £120 ; but it was
not entertained, and no loans were paid over during that year;

leaving the figures as before, viz., six loans advanced, all for the

purchase of boats, involving an issue of £635.

Instalments—principal and interest—amounting to £313, 5b. 3d.

have fallen due, the whole of which has been paid.

Shetland District.

Shetland Last year this district furnished only one application from 3
distnct.

persons, the amount asked being £45 ; and the loan was granted

and paid over, ttis being the only loan carried out during the year.



Fishery Board for Scotland, li

Altogether eighteen loans have been completed, 16 for purchase

of boats, and 2 for gear, the amount advanced being £l816, I83.

Instalments—principal and interest—amounting to £770, Is. 6d.

have fallen due, of which £549, 2s. lOd. has been paid and
£220, 18s. 8d. is in arrear.

One boat was given up by her owners, on the ground of their

inability to pay any further instalments, and was transferred to a

new crew for £15 in cash and a fresh mortgage of £45.

Two loans, amounting to £66 and £48, have been fully paid

up.

Stornoway District, stomoway
district.

T. Stornoway Section.—During last year 37 applications were l. stornoway

received from 179 persons belonging to this section, the amount
asked being £6548, 10s. Sixteen loans were sanctioned, to the

extent of £3430, and 24 carried out, the amount issued being

£5089. The loans ranged from £21 to £303.

The total loans paid over number 97, 90 of these being for the

purchase of boats, aiid 7 for gear, the sum advanced being £11,615,

lis. 9d.

Instalments—principal and interest—amounting to £2475, 8s. 7d.

have fallen due, of which £1570, 19s. 6d. has been paid, while

£904, 9s. Id. is in arrear. Of the amount paid £28, 10s. Id. repre-

sents insurance effected over a boat wrecked in March 1889, and
£128, I83. 4d., the amounts paid by crews who took over two
boats abandoned by their owners, the consideration received for

them being composed partly of cash and partly of new mortgages
over the boats.

11. Barra Section.—During last year 6 applications for loans 2, Barra

were received from 26 persons resident in this section, the amount section,

asked being £437, 13s. Two loans were sanctioned, amounting
to £135, and four were advanced, the sum lent being £283, 10s.

The loans ranged from £67 to £76, 10s.

Since 1886 22 loans have been completed, all for the purchase
of boats, the sum advanced being £1888, 6s. 4d.

Instalments—principal and interest—amounting to £711, 10s. 7d.

have fallen due, of which £438, 18s. 9d. has been paid, while

£272, lis. lOd. is in arrear.

Loch Broom District.

In 1890 this district furnished four applications from 16 persons Loch Broom

for loans amounting to £846, 10s. No advances were sanctioned

or completed during the year.

Altogether 8 loans have been carried out, 6 for the purchase of

boats, and 2 for gear, the amount issued being £767, 9s.

Instalments—principal and interest—amounting to £378, 7s. 3d.

have fallen due, £161, Os. lid. of which has been paid, while

£217, 6s. 4d. 13 in arrear.
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Of the iustalments paid £5, 15s. 6d. represents t^e net sum
realised by the sale of a boat seized by the Bjard for non-pay-

lueat of instalments in December 1889.

Loch Carkon District.

Locli Carron No applications were received in this district for loans during
difcuict.

ijjgfj year, and no loans have been carried out in the district since the

Crofters Act came into operation.

Fort-William District.

Fort-William Last year Fort-William district furnished only one application
diptnct.

^ Jq^^ ivom. 6 persons, the amount asked being £30 ; but it

was withdrawn. The only loan granted, amounting to £34, was

carried out.

Campbeltown District.

Campbeltown No applications were received from this district during last
distiict. ygar ; and no loans have yet been granted.

Kiiniber and
amount of

lor.ns com-
pleted, total

repayments,
and number
and amount
of arrears.

Instalments
due and paid.

Proceeding!?
taken against
defaulters.

Appendix H is a return showing the number of loans carried

out in each crofting fishery district, the amount paid over, and
the total repayments from the date on which the Crofters Holdings
(Scotland) Act, 1886, was given effect to, till 31st December 1890,

together with the number and amount of loans in arrear.

From this return it will be seen that of instalments amounting
to £9014, 6s. lid. which have fallen due, £5960, 15s. 2d. has been
paid, and £3053, lis. 9d. is in arrear. In addition, £4, Is. 3d.

has been received, which was not due till 1891.

The Board greatly regret that there is such a large amount of

arrears to be reported. Every endeavour has been made, both by
taking legal proceedings and otherwise, to reduce them, especially

in cases where the Board had reason to believe that the bur-

rowers were in a position to pay the instalments of the loans as

they fell due, but unfortunately with the result that very little

money has been recovered, while there have been incurred heavy
legal expenses, which in many cases the Board have had to pay.
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PRODUCE AND VALUE OF THE SEA FISHERIES OF
SCOTLAND, EXCLUSIVE OF SALMON.

The following is a statement of the total quantity and value of Total quantity

the different kinds of white and shell-fish landed in Scotland in
^"[Ji^^^J,'}^^^^^^^^

the year 1890, compared with 1889 :

—

Total quantities and values of

White Fish landed in 1890.'

Cwts.

£827,072Herrings,

Sprats,

Mackerel,

Cod, .

Ling,

Torsk (Tusk), .

Saithe (Coal Fish),

Haddocks, .

Whitings, .

Turbot, .

Halibut,

Soles (Lemon Soles),

Flounders, Plaice,

and Brill,

Eels, .

Skate,

Other kinds of

White Fish, .

Total quantity &
value of White
Fish landed, .

3,9S0,362f
11077

938
448,942
169,646

8,580

121,962

753,654

75,522
5,5541

20,231|
16,6511

81,309

14,076

53,764

99,218

1,070

525
155,987

50,521

1,334

14,886

370,252

30,840

18,459

18,645

27,386

68,187

7,027

11,677

19,478

5,864,488J £1,623,346

Increase

in 1890.

Cwts.

261,857f
9,705-1-

274^

Deduct decrease,

Net increase in 1890,

35,165

37,490

5,8274

2,260

7,0381

3,677

11,8541

375,149f

99,9001

275,2491-

Decrease

in 1890.

Cwts.

1889 compared
witl) 1890.

White fish

landed.

54,721

2,903

38,476

784
8621

2,154

99,900J

Total values of Shell Fish landed—
£1,526
11,201

3,311

28,340

14,568

9,667

£68,613

Increase

in 1890.

£73

747
3,891

1,171

Q

£5,888

476

5,412

Decrease

ml890. Shellfish

£476

£476

Oysters,

Mussels,

Clams,

Lobsters,

Crabs,

Other kinds of Shell Fish, .

Total value of Shell Fish landed

Deduct decrease, .

Net increase in 1890,

Total value of White Fish

landed, brought down, . 1,623,346

Gross Total Value of the Sea
Fisheries of Scotland, ex-

clusive of Salmon, for the

year 1890, . . £1,691,959
Ditto for the year 1889, . 1,517,376

Increase in year 1890 on
1889,.... £174,583

Note.—An estimate of the value of the Salmon taken last year will be found
in Part II. of this Report. It amounts to £208,240, making the grand

landed.

Total value of

sea fisheries.
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total value of the Sea and Salmon Fisheries of Scotland for the year 1890
£1,9(X),199. It sliould also be explained that there is spent in Scotland
an amount estimated at <£400,00() in curing fish,—that is, on wood, hoops,

coopers' and women's wa^];es, salt, &c. ; this sum being included in the esti-

mated gross total value of the sea fisheries of Scotland given in the Board's

Reports previous to 1889.

Of the total quantity of herrings landed, as shown in the above
statement, 1,304,603 barrels were cured. Of the total catch of cod,

C8,891 cwts. were cured dried, and in pickle; of ling, 137,373 cwts.

were cured dried ; of torsk, 6,070 cwts.; and of saithe, 90,571 cwts.
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APPENDIX A.—No. 1.

HERKING FISHERY.— Details, taken from the reports of the

inspectors and district officers, regarding the herring fishery

of 1890, in each of the twenty-six districts into which the

coasts of Scotland are divided for fishery purposes, beginning

at the south wich the seventeen on the East Coast. These

are—Eyemouth, Leith, Anstruther, Montrose, Stonehaven,

Aberdeen, Peterhead, Fraserburgh, Banff, Buckie, Findhorn,

Cromarty, Helmsdale, Lybster, Wick, Orkney Isles, and Shet-

land Isles.

I. EAST COAST HERRING FISHERY.

Eyemouth District.

From Amble, in the county of Northumberland, to the east side of St Abb's

Head, both inclusive, with Coquet Island, Holy Island, and the Fame
Islands.

District Fishery Office
—Berwick-on-Tweed.

The herring fishing in this district for 1890 shows a decrease in the

quantity landed of upwards of 7000 barrels from the preceding year, and
on comparison with the average yield of the previous ten years, a decrease

of 7244 barrels. This marked falling off in the catch is mainly attribut-

able to the boisterous weather that prevailed during the weeks ended
16th and 30th August—an important part of the season—when the

majority of the boats had to remain ashore. The number of boats

employed was only 270
;

being 42 less than in 1889, and the lowest

number fishing in the district for the past thirteen years ; which partly

accounts for the decrease in the quantity landed. The early herring fishing

began at Eyemouth and Berwick in the middle of May, and continued

until about the middle of July. Owing to a scarcity of herrings on the

coast the fishing during that period turned out unsuccessful. The 50
boats employed averaged only 44 crans, as compared with 106 crans for

28 boats in 1889. The highest individual take was 36 crans, while the

herrings were mostly immature and small in size. There was, however,

a good demand—the lowest price realised per cran being 4s., and the

highest 64s., the average price being 19s.

The general herring fishing commenced about the middle of July and
terminated on the 20th of September, and was only moderately successful

The weekly average number of boats fishing was 270, and their average

catch for the season was 168 crans, against 173 crans for 312 boats in

1889. The number of boats employed shows a falling off of 73 on the

average number fishing during the ten years previous to 1890. Forty of

the boats were from Cornwall, and a number from the Isle of Man and
Firth of Forth ports. There are 208 herring fishing boats belonging to the

district, but owing to the unprofitable character of the fishing for some
years past, 54 of them were not at any time employed during last season.

The highest gross catch for any boat for the season was 600 crans, and
the lowest about 30, while there were a considerable number of heavy

li
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shots ranging from 70 to 100 crans landed, and a number of exceptionally

large ones of from 100 to 135 crans. These takes were mostly got off the

Farne Islands—the principal fishing grounds lying thei-e and from 10 to 25

miles off the coast between Eyemouth and Holy Island. Toward the

end of July and during the first two weeks of August the herrings were

of excellent quality, but taking the season as a whole, they were not equal

in that respect to those of 1889. About 400 crans of inferior niaties

and torn-bellied herrings were disposed of for manure. The best herrings

were obtained off Eyemouth and Berwick. In the week ended 23rd

August, which was the most productive of the season, an average catch

of 45 crans per boat was obtained. The lowest price received by the

fishermen was 4s. per cran and the highest 30s.—the averas^e price for

the season being 12s. 6d., as compared with 12s. in 1889, 10s. 6d. in

1888, and 9s. 6d. in 1887. Some of the fishermen did fairly well, whilst

a considerable number realised little more than would defray expenses.

No lives were lost in connection with the fishing, and scarcely any

damage was sustained by boats, but it is estimated that during the

season upwards of 900 nets, worth about £1700, were lost or irreparably

damaged, chiefly by being overweighted with lierrings. There were 7

steam tugs employed towing boats to and from the fishing grounds, as

compared with 4 in 1889.

Leith Disthict.

From the west side of St Abb's Head, inclusive, w-estwards, and including all

the south side of the Firth of Forth ; and its north side to Buckhaven
exclusive.

District Fishery Office—Neivhaven.

Both winter and summer herring fisheries are carried on in Leith dis-

trict, so that with short intermissions fishing operations are prosecuted

continuously throughout the year. The summer fishing was commenced
on 7th July and continued till the 6th September. The number of

herring boats belonging to this district is 350, and the number employed
in the fishing varied from 23 to 6 according to circumstances, the average

number being 16. The stations from which the summer fishing was
carried on were Dunbar and Newhaven. Herrings were extremely

scarce throughout the season,—the total quantity landed only amount-
ing to 1540 crans, compared with 2975 crans in the previous year,

which latter quantity was less than one-half of the catch of 1888. The
average catch per boat for the season was 97J crans, compared with 120J
crans in 1889. The average weekly catches beginning with the week ended
12th July were,— 12, 7, 28, 18, 10, 6, 25, 12 and 17 crans. The highest

daily catch for one boat was 50 crans, as against 105J crans in 1889.

The fishing groands extended from 2 miles to 43 miles off Dunbar,—but

the highest takes were obtained off the Farne Islands. The herrings

generally were of inferior quality, and were less in size than those of

1889. The weather was usually favourable, and seldom prevented the

boats from going to sea. Besides the boats employed in this district, a

number belonging to it proceeded to the herring fishing on the West and
East Coasts of Scotland, and to the coasts of England and [reland ; and
in most cases those boats met with a fair measure of success.

The winter herring fishing in its first stage was carried on from 1st

January to 29th March, when there were 62 boats employed, the

catch for that period amounting to 2486 crans. On the 1st November
this fishing was resumed, and continued till the close of the year. The
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aggregate catch for this latter period was only 706 crans. The winter

herrings were caught chiefly between Queensferry and Inchkeitb, about 3

miles off Dunbar, and outwards to May Island. The catch of both

winter and summer fisheries amounted to 4732 crans, as compared with

9944 crans in 1889.

During the year elevsn fishermen belonging to the district were drowned ;

of whom eight were lost by the foundering of their boat at the Yarmouth

herring fishing, two by their boat having been run down off Fidra, and one

by falling overboard near Leith pier.

Anstruther District.

From Buckhaven to the south side of Tay, both inclusive.

District Fishery Office
—Anstruther.

There is both a summer and winter herring fishing in Anstruther dis-

trict. The summer fishing has, however, fallen off very considerably, and

although 403 boats were fitted out for it, only 5 boats weekly, on an

average, delivered their catches in the district during the season, which

commenced early in July, and closed at the end of August. The total

number of crans landed amounted to 1042, as compared with 3328 in

1889, being the lowest catch on record with the exception of the years

1875 and 1866. The herrings were taken on grounds lying 20 to 40

miles eastward of the May Island, and were of fair quality. Prices

varied from 4s. to 26s. per cran, the average being 13s., or 2s. per cran

more than in 1889. The system of daily sales by auction is inducing

the fishermen to send their takes to the principal markets, where the

highest prices can be realised.

The winter season includes the months of December, January, February

and March, during which the fishing was prosecuted by 143 boats. The
catch from 1st January to 31st March amounted to 6375 crans, while

only 2 crans were landed in December, making the total 6377 crans, being

less than a third of the catch in 1889, and 22,940 crans less than the

average for the last five years, and the lowest on record with the excep-

tion of the seasons of 1876, 1877, and 1879. The herrings were of fair

quality, and prices ranged from 5s. to 58s. 6d. per cran, the average being

17s. 6d., an increase of 6s. 6d. per cran, as compared with 1889. About
five-sixths of the total quantity landed was sent to market fresh, and the

remainder cured ungutted, bloated, and kippered. During the most
successful of recent years considerable quantities of herring were caught

in the upper waters of the Firth of Forth. This season, however, the

fishing ground lay at the mouth of the Firth, and in the vicinity of the

May Island. A large number of crews combined great-line fishing with

herring fishing, but owing to the scarcity of herrings, paid most attention

to the former. Storms were frequent, and there was a greater amount of

loss of, and damage to, fishing material than in former years.

Montrose District.

From the north side of Tay to Bervie, both inclusive.

District Fishery Office—Montrose.

The summer herring fishing was begun by a few boats during the weeks
ended 5th and 12th July, but it did not become general until the



8 Appendices to Ninth Annual Ueport

two following weeks, and was brought to a close in the week ending 13th

September, during which only 15 crana were landed. The fishing was

more successful than in 1889 ; and the quality of the herrings generally

was also superior, with the exception that the proportion of spent herrings

was considerably greater than in the previous year. A fleet of 148

boats was employed during the season, as compared with 156 in 1889, of

which 144 belonged to the district, and 4 to the districts of Leith and

Anstruther; and of these 38 fished from Gourdon, 14 from Johnshaven,

76 from Montrose, 18 from Arbroath, and 2 from Broughty-Ferry and
Dundee. The total number of herring boats belonging to this district is

156—of which 144 fished in the district, 2 at Stonehaven, and 10 Avere

not launched. From 90 to 100 boats were engaged to curers ; and the

average price per cran during the season, for both engaged and unengaged

boats, was fully 12s. 3d., against 13s. 6d. per cran in 1889. The
herrings were found chiefly on the fishing grounds termed 'shauld

'water,' between Arbroath and Montrose, at distances of from 15 to 35

miles from land. The boats were prevented from going to sea on five

nights, owing to bad weather. The total catch of herrings was 32,531

crans, and the average per boat 21 9| crans, as compared with 37,452,

and 240 crans respectively in 1889. The average gross takes, per boat,

landed at the several stations were :—Gourdon, 140^ crans; Johnshaven,

127| ;
Montrose, 275^

;
Arbroath, 230f ; and Broughty Ferry and Dundee,

15l| crans. The average weekly catch, per boat, for eight weeks—the

period during which the fishing was in full operation—beginning with

the week ended 12th July, was If, 8J, 28, 36|, 96|, I8-I-, 23i, and 5|
crans respectively, to 148 boats. The heaviest fishing was landed in the

week ended 9th August, when the average was 96J crans per boat,

During that week there were many takes ranging from 90 to upwards of

100 crans. The largest individual takes during the season were, two at

Montrose, of 130 and 145 crans, and one at Arbroath of 121 crans. The
most successful boat landed 415 crans during the season, and the least

successful 36 crans. Owing to weight of fish upwards of 1000 nets were
lost during the season, valued at fully £2000.
The winter and spring herring fishing, especially in the Tay, was

attended with much greater success than in the previous year ; the total

catch being 2115 crans, or an increase of 1402 crans, when compared
with that of 1889. The prices varied greatly, ranging from 5s. to 30s.

per cran. The total catch of herrings for 1890 was 34,646 crans, com-
pared with 38,165 crans for 1889. Fortunately there were no lives lost

in connection with the fishing this season.

Stonehaven District.

From Bervie, exclusive, to Skateraw, inclusive.

District Fishery Office—Stonehaven.

In Stonehaven district the summer herring fishing was begun by a

few boats early in July, but it did not become general until the week
ended the 19th of that month. It closed on 30th August, after which
date only 39 crans were landed in the district. The total catch amounted
to 10,939 crans, or an average of 165J crans for each of the 66 boats

employed. This was a decrease of 1654 crans on the total, and of 19^
crans on the average, catch as compared with the previous year. July
yielded 4332 crans, August 6668 crans, and September 39 crans. The
fishing ,was very irregular throughout the season, it being a common
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occurrence for a few boats to have heavy takes, and the majority of the

fleet to have none. Several boats landed from 200 to 300 crans, one

360, and a good number from 80 to 140 crans, while one boat landed

only 45 crans. The largest single take was 124J crans. Previous to

22nd July the catch was light : but thereafter, till 9th August, fairly

good success was experienced, the weekly averages for the three weeks

embraced in that period being 2838| and 51J crans respectively.

During the remainder of the season the weekly averages were from 4|^

crans to 23 crans. The highest take for one day was landed on the

5th of August. In the second week of August it was thought that a

large shoal of herrings was lying a few miles from the shore. Unfortun-

ately, however, owing to stormy weather, the boats only got once to sea

during that week. With this exception, and occasional calms in the

previous week,—the weather was remarkably favourable for prosecuting

the industry. The fishing grounds extended from 5 to 45 miles from
land, but very few herrings were taken within 12 or beyond 30 miles

—

the most productive grounds lying from 18 to 30 miles distant. Early in

the season the herrings were of fairly good quality ; but in the last two
weeks of July and the first week of August the quality was excellent.

After that time, however, the takes generally contained a large proportion

of small and inferior fish. Nine boats were engaged to deliver their

catches to curers at from 13s. to 14s. per cran, with a few pounds of

bounty money to each crew, the remainder selling their herrings by
auction. Unengaged boats got prices ranging from 3s. to 27s. 6d. per

cran—the average price realised by the whole fleet being about 13s.

per cran.

The winter and spring fishing was a complete failure, the catch being

only 174 crans—giving a total catch for the year of 11,113 crans. One
fisherman was unfortunately drowned on 30th May, and nets and lines of

the value of £341 were lost and damaged during the year. There were

61 herring boats belonging to the district, as compared with 64 dn 1889.

Aberdeen District.

From Skateraw, exclusive, to Aberdeen, inclusive.

District Fishery Office
—Aberdeen.

The summer herring fishing of 1890 commenced in the first week of

July and closed early in September, and was prosecuted by a fleet

numbering 375 boats, against 409 in 1889. The fishing grounds ranged
from 5 to 50 miles off"shore, but the most productive lay from 5 to 25
miles from shore. The total quantity of herrings landed amounted to

87,750 crans, against 105,745 in 1889, while the average per boat was 234
crans,

.
against 259 crans in the preceding year. July yielded 35,254

crans, August 49,528 crans, and September 2968 crans. The most
successful week was that ended the 2nd August, witli a catch of 22,263
crans. The highest individual take was 125 crans, while the largest

catch for the season amounted to 620 crans. The herrings Avere of fair

quality, and, with few exceptions, were landed in good condition. The
catch was rather irregularly distributed, especially towards the end of the
season. No boats were engaged to curers, the fishermen selling their

herrings either privately or by auction. The average price received in

July was 14s. Id., in August 12s. 7fd., in September 15s. lOd., and for

the season 13s. 4d. per cran, as compared with 13s. in 1887, 15s. in

1888 and lis. 4d. in 1889. The total quantity cured was 110,190
barrela, as against 132,968 barrels in 1889. A larger quantity than
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usual was tinned. The weather generally was favourable. Two fisher-

men were unfortunately drowned by falling into Aberdeen harbour. No
boats were wrecked, and the damage sustained by the boats was trifling,

while the loss and damage to netting was small.

The winter, spring and early herring fishing only yielded 1041 crans,

making the total catch for the year 88,791 crans.

Peterhead District.

From Aberdeen to Kattray Head, both exclusive.

District Fishery Office—PeterJiead.

A commencement of the summer fishing of 1890 was made in the

middle of June, and by the end of the month between 80 and 90 boats

were employed. The whole fleet did not commence until about the

middle of July, and consisted of 530 boats, of which 50 fished from

Boddam and 480 from Peterhead. Of these 256 belonged to the district.

The fishing was remarkably successful, a very high average catch being

obtained. The average for the 50 boats fishing at Boddam amounted to

183J crans, and for the 480 at Peterhead 313, which gave an average of

300J crans for the 530 boats employed, or a total of 159,486 crans.

Several boats succeeded in landing upwards of 700 crans, and a number
from 400 to 600, but there were a few that did not reach 100.

Several crews earned £400, and a large number from £200 to £400.
During the week ending 2nd August there were landed upwards of

32,000 crans, this being the most successful week of the fishing. The
daily averages during this week were 12, 16, 23, 23 and 20 crans re-

spectively. The largest single take amounted to 158 crans. The
number of large takes was unprecedentedly great. On eleven days

during the season takes of 100 crans and upwards were landed, and on
several of these days there were as many as four and five boats that

had taken upwards of 100. Almost the whole of the season's catch

was got at a distance of from 1 to 20 miles from land. The
shoals were very dense, and a great loss of netting took place by
fouling and sinking with weight of fish. It was not uncommon for takes

of 40 and 50 crans to be caught in a few nets. The quality of the fish

was remarkably good, there being a large proportion of full fish, and the

price per cran ranged from 3s. to 30s., according to the quantity and
quality landed, the average price being about 12s. 3d. The weather

during the season was good, there being few nights on which the boats

were not at sea. Several boats sustained slight damage during the

season, and one struck on the rock of Skerry, and was completely lost.

One man was drowned by falling into the harbour when going on board
his boat during the night.

A good number of boats made a trial of the winter fishing, but only

landed between 400 and 500 crans, which were kippered, and used as

bait in the great line fishing. The total quantity of herrings cured

during the year amounted to 221,139 barrels.

Fraserburgh District.

From Rattray Head, inclusive, to Troup Head, exclusive.

District Fishery Office—Fraserburgh.

The summer herring fishing was begun on 17th June—a week earlier

than in 1889—but a general commencement was not made before 8th
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July. It was thereafter regularly carried on till 6th September, when it

practically ceased. Fifty boats fished part of the following week, but

only added 320 crans to the previous yield. June produced 2184 crans,

July 103,483, August 82,693, and September 7040, showing a total for

the season of 195,400 crans. The number of boats fishing was 710, of

which 260 belonged to the district. Eleven fished from Rosehearty, 20

from Pittulie, and 679 from Fraserburgh—a decrease of 40 boats under

last year's fleet. Only two boats were engaged to curers, at the rate of

14s. per cran, with £5 bounty, for fish delivered in August. The herrings

were chiefly sold by auction, although a number of crews transacted

business direct with curers in order to avoid disagreements and auctioneers'

charges. Prices varied from 6s. to 22s. per cran, according to quality

and time of delivery, the average price for the season being 13s. 6d.

against 14s. in 1889. The catch, for the number of boats employed, was
the greatest on record. The boats fishing from Rosehearty averaged 180

crans, Pittulie 271, and from Fraserburgh 277, or an average of fully

275 crans for the whole fleet. The quality of the fish proved the best

for man}^ years, the proportion of full fish being seven-eighths of the total

catch. A notable feature of the season was the great number of un-

usually large individual takes, which ranged from 80 to 163 crans, caught

between St Combs and Rattray Point, 3 to 10 miles from land. The
highest gross catch for any one boat was 880 crans, but catches of from

400 to 750 were numerous—41 boats belonging to St Combs averaging

over 320 crans for the season. The lowest ascertained catch was about

84 crans. The weeks ended 19th July, 26th July, 2nd August, and

23rd August, produced the best results, the respective averages being 46

J

crans for 650 boats, 411 for 710, 42f for 710, and 42f for 655. Early

in the season the boats fished from 18 to 30 miles N.E. of Kinnaird Head,
but two-thirds of the catch was taken within 15 miles from the shore,

and consequently the fish were, as a rule, delivered in good condition.

The number of barrels of herrings cured was 300,788 against 308,121

in the previous year, 288,116 barrels being cured gutted, 360 ungutted,

3441 crans freshed or sprinkled, and 12,312 kippered, cured red or

tinned. 9100 crans were disposed of for consumption fresh, in the

district, and 3879 sent to other places. These figures exhibit a decrease

of 7333 barrels cured, but an increase of 2418 crans used fresh, as com-

pared with 1889. The estimated loss of netting sustained through

weight of fish, stormy weather, and fouling on the inshore grounds, was

j£3470, while 33 boats received more or less damage amounting to £194.

On 30th August, a hired man was unfortunately knocked overboard by
a sail off Rosehearty and drowned. Only five fishing nights were lost by
stormy weather throughout the season.

The winter and spring herring fishing, although better than in the

previous year, yielded only 1514 crans, compared v/ith 851 in 1889,—the

herrings being chiefly used for bait and a small pro})ortion kippered and
freshed. Prices ranged from 5s. to 40s. per cran, the average price being

about 18s. The total catch of herrings for 1890 was 196,914 crans

against 204,272 in the preceding year.

Banff District.

From Troup Head, inclusive, to Cullen, exclusive.

District Fishery Office—Macduff.

The summer herring fishing in Banff district began on 14th July, a
week later than in 1889, and closed at the end of August. There were
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225 herring boats belonging to the district, and of these 128 fished in

the district— 1 at Gardenstown, 49 at Macduff, 38 at Banff, 2 at White-

hills, and 38 at Portsoy. The average catch of each boat at these stations

was 214, 184, 168, 105 and 194J crans respectively. The total catch

was 23,230 crans, giving an average per boat of 181 crans, or 4 crans

less than in the previous year. A number of crews occasionally disposed

of their fish in neighbouring districts, where they could more conveniently

land them, and where better prices were realised, thus tending to lower

the general average at their own stations. The greatest success was ex-

perienced in the first two weeks of the season, in each of which the

average for the fleet was about 40 crans. The best aggregate catch was
175 crans, and the lowest 46 crans, while the highest single take was 84
crans. The fishing grounds most frequented lay at a distance of from 8

to 15 miles from land. Herrings appeared on the inshore grounds on one

night only, and unfortunately the majority of the boats missed the shoal

by going too far out. The quality of the fish was excellent, more
particularly in the first three weeks of the season, when on several occa-

sions from a half to two-thirds of the daily catch consisted of * full ' fish.

Stormy weather prevented the boats from fishing on six nights of the

season. Two fishermen were drowned during the year, 6 boats partially

damaged, and netting estimated as worth about £500 was lost. The total

quantity of herrings cured was 31,990 barrels, being 1622 barrels less than

in 1889. Prices varied from 3s. to 19s. 6d. per cran, the average being

13s. per cran, or 2s. 6d. per cran more than in the previous year.

The winter herring fishing was again a failure. The spring and early

herring fishing, however, yielded 683 crans, making the total quantity

landed during the year 23,913 crans.

Buckie District.

From CuUen to east side of Spey, both inclusive.

District Fishery Office—Buckie.

During 1890 there were 713 boats belonging to Buckie district, being

II fewer than in the previous year, and of these 114 prosecuted the

summer herring fishing in the district,—18 from CuUen, 11 from Port-

knockie, 24 from Findochty, and 61 from Buckie, or 29 boats less than
in 1889. The season opened on the 8th of July and closed on the 30th
of August. A few boats occasionally went to the herring fishing in May
and June, chiefly to get bait, the surplus being * sprinkled ' and sent to

the English markets, and a few barrels cured for the Continent. The
fishing grounds were from 2 to 25 miles off Buckie, about one-fourth

of the catch being taken on the inshore ground. The average quality of

the herrings was superior to that of 1889. The most successful week
was that ended on the 19th July, which yielded an average of 67|- crans,

the weekly average thereafter ranging from 2| to 44J crans, and the

highest average catch per boat, 255J crans, was obtained at Buckie. The
average catch for the whole fleet was 239J crans, while the average price

obtained was lis. 7d. per cran, or 3s. 7d. per cran over the previous

year. Ten boats were engaged to curers during the month of July at

10s. per cran. Of the herrings landed during the year 32,076J barrels

were cured for exportation to the Continent, and 6366 crans sent to

market as fresh and sprinkled, kippers and bloated, giving a total of

38,442J barrels,—a decrease compared with 1889 of 9479J barrels. The
weather was fairly good during the season, the boats being kept ashore

by stormy weather on 4 nights only.



of the Fishery Board for Scotland. 13

In the course of the year 15 fishermen lost their lives at sea, being

9 more than in 1889. Three boats were totally wrecked, and 2 were

damaged,—the loss, together with that of nets and lines, amounting to

£2200.

FiNDHOEN District.

From west side of Spey to south side of Kessock Ferry, both inclusive.

District Fishery Office
—Burghead.

The summer herring fishing commenced early in July and closed on the

23rd August. The number of boats employed was 94, of which 40 fished

from Lossiemouth, 18 from Hopeman, and 36 from Burghead. The
number of boats belonging to the district was 389, of which 280 prosecuted

the herring fishing. The average catch per boat was 192 crans, and the

most productive week of the season was that ended 2nd August, which
yielded 4270 crans. The highest single take was 102 crans, and the

most successful boat landed 350 crans during the season, while the total

catch was 19,193 crans against 19,342 crans in 1889. During the first

two weeks the fishing ground was from 20 to 25 miles from land, and for

the rest of the season from 5 to 10 miles. Eighteen boats were engaged

to curers in Burghead at 12s. per cran, with .£1 earnest money and net

ground and cartage provided, the other crews selling their fish daily at

prices ranging from 5s. to 20s. per cran, giving an average of 13s. The
fish were of good quality, about one-half of the catch being 'fulls.'

The weather was remarkably fine all through the season, and only on one

night were the boats prevented from going to sea. The total quantity

of herrings cured was 22,885 barrels, against 30,205 barrels in the

previous year.

The winter herring fishing was unsuccessful, and yielded only 608 crans.

Very few herrings were got in the Moray Firth, the bulk of the catch

being taken off* Scrabster ; 355 crans were made into bloaters, and the

remainder sent to market fresh. Prices ranged from 8s. to 40s. per cran.

There was no loss of life in connection with the fisheries in the district

;

no boats were wrecked, and only one damaged. The total loss on boats,

nets and lines was £615.

Cromarty District.

From north side of Kessock Ferry to south side of Meikle Ferry,

both inclusive.

District Fishery Office—Cromarty.

In Cromarty district there are 189 large boats, of which only 30
remained to prosecute the summer herring fishing at home, the others

removing to different places on the East Coast. At Portmahomack—the

only station in the district where herrings were cured—the fishing com-
menced on 12th July, but was not in full operation until the 25th of that

month. Early in the season few herrings were got in the neighbourhood
of Portmahomack. The boats this year were not engaged to curers, and
most of them during the first two weeks landed the bulk of their fish at

stations outside the district. On the night of the 24th July a few boats

got takes of from 30 to 48 crans, at from 2 to 5 miles south of Tarbatness

Lighthouse ; on which ground the boats were very successful from
that date to the 8th August. The weeks ended 2nd and 9th August
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showed the best results, the average for the former being 27 crans and
for the latter 53 crans. On one day of the latter week the fleet of 30
boats averaged 30 crans, several having takes of 70 to 86 crans—the

latter being the highest take of the season. Nearly all the boats on that

day lost part of their nets through foaling and weight of fish. The fish-

ing may be said to have terminated at the middle of August, only 385
crans being taken after that date. The 30 boats landed an average of

115^ crans at Portmahomack, against 78J crans for 40 boats in the

previous year. The quality of the herrings was very good, the catch

consisting chiefly of full fish. They were also of a larger size than is

generally got in this neighbourhood. The price ranged from 8s. to 16s.

per cran, averaging 12s. The weather was very favourable for fishing.

There was no loss of life nor damage to boats, but the loss of netting

was estimated at £370.
The winter herring fishing was only prosecuted to a very limited

extent at Portmahomack, Cromarty and Avocli, during the months of

January, February and March, and again in November and December

—

principally for bait purposes—the remainder of the catch, amounting to

154 crans, being used in a fresh state.

Helmsdale District.

From north side of Meikle Ferry to Dunbeath, both inclusive.

District Fishei^ Office
—Helmsdale.

The summer herring fishing of 1890 was prosecuted by 122 boats

—

the same number as in the previous year. Of these, 110 boats fished

from Hi'lmsdale and 12 from Dunbeath, of which 94 belonged to the

district. The fishing began on the 8th July, but was not in full operation

until the 22nd of that month, and was regularly and succevSsfully prose-

cuted till the 22nd of August, when it practically closed, only 270
crans being landed after that date. The most successful week was that

ended the 2nd of August, when 5065 crans were landed. The highest

single take was 93 crans ; the most successful boat landed 412 crans,

and several landed from 200 to 320 crans—the lowest aggregate catch

being 43 crans. The district boats were all engaged to curers at prices

ranging from 12s. to 14s. a cran, or an average of 13s., as were also the

majority of the other boats. The quality of the herrings was superior to

that of the previous year, and the proportion of 'fulls' greater. The
bulk of the herrings landed at Helmsdale were taken at from 5 to 8 miles

off the shore for about 6 miles along the coast. The Dunbeath boats

got most of their catches close inshore off Dunbeath, the fishing being

the most successful ever experienced there. They supplied the home
station with an average of 183 crans, besides landing an average of 60
crans at Wick, Lybster and Helmsdale. The average catch at Helmsdale

was 152| crans, giving an average for the fleet of 155J crans, or a total

of 18,889 crans against 14,538 crans the previous year. The weather

throughout was remarkably fine, no fishing nights being lost through bad
weather. There was no loss of life, nor damage of any consequence to

boats. The loss of netting was also trifling, and was caused chiefly by
fouling—the total damage being estimated at £320.

The winter and spring fishing was not successful—the supply of herrings

for bait being generally insufficient. During the three principal months

of the season—January, February and March, only 103 crans of herrings
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were lauded, against 630 crans the previous season. The herrings which

were not used for bait were sent to market in a slightly roused state.

Lybster District.

From Dimbeath, exclusive, to East Clyth, inclusive.

District Fishery Office—Lybster.

The summer herring fishing of 1890 commenced on the 1st July, but

all the boats were not ]-eady for sea at that date, and the fishing did not

become general till the 15th July, from which date it was continued till

the 6th September. 74 boats were employed in the district—7 at

Latheronwheel and 67 at Lybster. ^N'one of these boats were engaged

to curers, all selling their herrings at daily prices. The total catch for

the season was 6952 crans, which gave an average of 93J crans per

boat, and the average price was about 10s. per cran. The most success-

ful fishing was that during the week ended 2nd August, when about

3000 crans were landed, from the fishing ground close inshore, 2 to 5

miles from land. A few trials were made at from 15 to 20 miles off the

shore, but herrings were scarce at that distance—nearly the whole of the

catch being got on the inshore fishing ground. The highest single take was
landed on the 5th August, and amounted to 127 crans. The largest gross

catch by any one boat during the season was about 300 crans, while a

few landed from 180 to 250 crans, but some averaged as low as 40
crans. The quality of the herrings was fairly good, the largest proportion

being ' matie fulls,' about a fourth ' fulls,' and the remainder small and
spent fish. The total number of barrels cured was 11,307, being a

decrease of 2632 barrels from the previous year. The total branded
only amounted to 1000 barrels, showing a decrease of 2929 barrels

from the quantity branded in 1889.

The winter herring fishing was prosecuted during the months of

January, February and March, but the total quantity landed by the

25 boats engaged was only 321 crans, or 28 crans less than during the

same period of 1889. The price was good, the average being about
188. per cran. None ofj the herrings were cured, nearly all being

kippered, and a few crans sent to English markets in a lightly salted

state. Very stormy weather prevented the regular prosecution of this

fishing.

There was no loss of life during the year, and no boats were either

wrecked or damaged. The loss of nets and lines amounted to £756.

Wick District.

From East Clyth, exclusive, to Cape Wrath, inclusive, including the Island
of Stroma in the Pentland Firth.

District Fishery Office— Wick.

The summer herring fishing of 1890 was prosecuted by 440 boats—of

which 412 fished at Wick, 9 at Boathaven, Elzie and Staxigoe, 11 at

Keiss, and 8 at Scrabster, being a decrease of 2 boats as compared with
the number fishing in 1889. Of these boats 46 were from Banff district,

15 from Inverness, 12 from Fife, 1 from Leith, 1 from Berwick, 10 from
Orkney, 2 from Lerwick, 45 from Stornoway, and 308 belonged to

Wick district.
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The total number of boats belonging to the district is 763, made up of

331 first class, 62 second class, and 370 third class. The fishing

commenced at Scrabster on the 10th May, where it was continued till the

9th August, the catch during that time amounting to 16,526 crans,

against 16,000 in 1889. The fleet varied from 50 to 150 boats, but

owing to a very severe gale on the 25th June—which caused a loss of

35 lives, 9 boats, and a great quantity of netting—a number of boats left the

station at the time when the fishing was most successful. Fully two-

thirds of the catch was cured and shipped to the Continent, and as the

quality was good, remunerative prices were got for them. The average

price paid to fishermen was 14s. 6d. per cran, all the herrings being sold

by public auction. The fishing commenced at Wick on the 3rd June,

and was continued till the 3rd September, the total catch being 79,886
crans, giving a gross catch for the district of 96,412 crans, or an average

of 219 crans for the 440 boats employed, against 209 crans for 442 boats

in 1889. The boats were 64 nights at sea, only two nights being lost

through stormy weather. Though a part 4)f the fleet tried the fishing at

from 18 to 30 miles offshore, where occasional good takes were caught,

the principal and most successful fishing ground during the season w^as

inshore, at from 2 to 10 miles from land. Up to the 12th of August the

herrings were of fine quality, more than a third of the gross take being full

fish, but after that date the quality was inferior, three-fourths of the

catch being small and spent. The highest single take was 154f crans,

and the next 152J crans, besides which there was a number of takes

varying from 100 to 127 crans landed. The largest gross catch by one

boat was about 600 crans ; a few had from 300 to 500 crans, a large

number landed from 150 to 280 crans, while others did not reach 100
crans. The total quantity of herrings cured was 123,643 barrels, being a

decrease of 27,630 barrels as compared with 1889. One hundred and two
boats were engaged to curers at from 10s. to 14s. per cran, the remainder

of the boats selling their catches by auction at from 8s. to 23s. per cran,

the average price being about 12s. 6d. per cran. Forty-five lives were
lost during the year—37 through boats being swamped at sea, 5 by being

washed overboard, and 3 knocked over by the sail or tiller. Eleven boats

were totally wrecked and 9 damaged, causing a loss of £1232, giving,

together with the estimated loss of nets—which was £3831—a total loss

of £5063.
The winter herring fishing of 1890 was attended with more than

average success, the total catch being 9301 crans, of which 3919 crans

were caught at Wick and 5382 at Scrabster, being an increase of 2634
crans over the catch of 1889. The average price paid to the fishermen

was 14s. 6d. per cran, making the gross value £6743. About a third of

the catch was cured for the Continent ; the largest portion of the re-

mainder was sent to market in a sprinkled state, while a quantity was
kippered.

Okkney District.

The Orkney Islands ; and Swona in tte Pentland Firth.

District Fishery Office
—Kirkwall.

The early herring fishing, which was opened by a few boats at Stroni-

ness in the week ended 14th June, became general at the beginning of

the succeeding week, and closed on the 17th of July. Seventy boats,

which were engaged to curers at 10s. per cran, proceeded to sea.

There were 114 boats in the harbour on one occasion. The number of
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boats belonging to the district is 172, of which 113 were employed in

1890. The highest gross catch of any single boat was 250 crans, and the

lowest 27,—the highest individual take being 104, and the total landed

8600 crans. The quality of the fish was good throughout.

The general herring fishing began on the 20th July, and terminated on

6th September, 113 boats being employed, of which 104 were engaged to

fish from the following stations :—Stronsay 50, St Mary's (Holm) 25,

Burray 20, Cara 8, and St Margaret's Hope, 1. The prices agreed upon

were lis. to 128. per cran for complements of 100 to 120 crans. The
highest individual gross catch was 200 crans, and the lowest 38, while

the general average for the fleet was 112 crans. The most successful

boats were those which fished from St Mary's (Holm), the inshore grounds

being the most productive. The quality of the herrings was good as

compared with previous seasons. The total quantity landed, including

the catch at Stromness, was 22,251 crans. Ten lives were lost in

connection with the fisheries, while the gross total loss on boats, nets,

etc., lost and damaged, was £1470.

Shetland District.

Comprising the Shetland Isles, Fair Isle, and Foula Island.

District Fishery Office—Lerwick.

The early herring fishing of 1890 began about the middle of June, 459
boats being employed by 45 curers, of which 274 boats fished from the

Unst section, and 185 from the west side stations. During the first week
of the fishing a fair average catch was landed, but towards the end of the

month dog-fish appeared at the north stations, and soon spread around the

whole district, putting a stop to all fishing operations. At the Unst
stations the fishing lasted only a fortnight, while at the west side stations

few fish were landed after the first week of July. The early fishing closed

with a catch of 19,595 crans, which was sold at an average price of

14s. 6d. per cran.

The late fishing began at Lerwick and other stations on the east side of

the district towards the end of July. After the entire failure of this

fishing in 1889, both curers and fishermen were very slow in {)reparing

for it. There were only 235 boats engaged, being a decrease of 165
from 1889, and the smallest number employed since 1881. They were

all engaged to curers at from 15s. to 1 6s. per cran for 200 crans, and 8s.

to 10s. per cran for any fish over that amount. The fishing proved a

most successful one, the average catch per boat being 223 crans, the

highest individual catch over 400 crans for the season, and the best take

126 crans, while many crews had a gross catch of over 300 crans, few
being below 100. The highest day's catch was an average of 46 crans

per boat on the 29th August. There were very few fish landed in

September, as the supplies of barrels and salt were exhausted. Fisher-

men often had difficulty in disposing of fish landed over the complement,
and on 29th August many hundred crans had to be sold for manure or

thrown into the sea. The quality of the fish was good up to the 12th
August, but afterwards very inferior. The estimated catch for the late

fishing was 54,049 crans. The total number of barrels cured was
104,795, being an increase of 57,789 barrels on 1889. Of the 235
boats employed, 217 belonged to the district. A large number of good
serviceable boats Avere left on the beach, their crews seeking employment
elsewhere, being discouraged, after the failure of the fishing in 1889.
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There were no lives lost in connection witli this fishing, but 2 boats were
totally lost and 1 damaged—the loss amounting to £137. The loss and
damage to nets was heavy, amounting to £1680, and was caused chiefly

by weight of fish.

11. WEST COAST HERRING FISHERY.

The nine fishery districts on the West Coast of Scothiad are :

—

Stornoway, Loch Broom, Loch Carron and Skye, Fort William,

Campbeltown, Inveraray, Kothesay, Greenock, and Ballantrae.

Stornoway District.

The Islands of Lewis, Harris, North Uist, Benbecula, South Uist, Barra, and
the smaller Islands within this range ; also St Kilda.

District Fishery Office
—Stornoivay.

In all the record of herring fishing in this district, the catch of 1890
has been exceeded only by that of 1870, when, with a fleet of 1470 boats,

the total quantity cured was 159,180 barrels. The quantity cured last

year was 125,039J barrels, and the fleet numbered 983 boats.

In almost every respect the season was an exceptionally successful one,

there being evidently no scarcity of herrings on the coast at any time.

The early lishiug began on the 8th January
;

but, owing to a continuance

of stormy weather at this time, little progress was made until the end of

the month. The second week of February was the most successful of

the winter fishing season—some very large takes, reaching as high as

103 crans per boat, being landed. Unfortunately, at this period the

home markets were well supplied with foreign herrings, causing prices to

fall considerably ; and the herrings, which had been very large and full

of milt or roe, began to spawn at the end of February. These circum-

stances, together with the stormy weather experienced, operated in bring-

ing the fishing to a close earlier than usual, the total catch amounting to

9604 crans. During winter the fishermen found small quantities of

anchovies in their nets, a circumstance which had never been known to

occur in this district. March and April were unproductive; and the

close time established by the fishermen of the district—extending from
15th April to 15th May—having expired, the summer herring fishing

began immediately thereafter.

This fishing was prosecuted from 7 stations of the district, the prin-

cipal of these being Stornoway, where a fleet of 570 boats were employed,

and Barra with 380, minor stations with 33, making a total for the

district of 983 boats, of which 160 were district boats. The average

take per boat in Stornoway was 160 crans, and in Barra 52 crans. The
total quantity of herrings cured in both sections was 125,039J barrels,

being 43,519| more than in the preceding year. Of the total quantity

Stornoway section contributed 105,004^, barrels and Barra section 20,035
barrels, the former showing an increase of 36,103|- barrels on the preceding

year, and the latter an increase of 7416; 29,112 crans were disposed of

as kippers and 11,317 crans were sent to market in a fresh or lightly

salted condition. The kippered and lightly salted fish, which comprised

two-fifths of the catch at Stornoway, were consumed in the home markets.

With the exception of a gale, which occurred on the night of 24th June,

the weather during the summer was all that could be desired. Calms
were less frequent than in recent years, and consequently the fish
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were landed in better condition. On the occasion of the gale referred to,

200 boats were at sea, and by a sudden change of wind a great part of

their nets were destroyed or lost, a large proportion of the losses falling

on Lewis crews. As herrings were plentiful in the Minch—principally

between Stoer and Cellar Heads—it was not necessary to prosecute the

fishing so far northward as formerly. During the first week of the summer,
herrings were small and soft, but they rapidly improved, and during the

remainder of the season the quality was excellent. In the week ended

24th May, 16,900 crans were landed at Stornoway—that being the largest

week's catch of the season ; and the highest take landed from a boat as

the result of a night's fishing was 1 20 crans. At Barra the catch was more
generally distributed among the boats than in the previous year ; and the

best fishing there was obtained during the week ended 31st May, when
5361 crans were landed. It is estimated that the fishermen at Stornoway
realised, on an average, 19s. per cran for the summer herrings, and for

those at Barra 34s. Gd. per cran. Based on these estimates, the produce

of the herring fishery of the district is valued at .£129,653.

61,372| barrels of herrings were exported from the district, and of

that number 37,364 were shipped for St Petersburg, 18,712 to Stettin,

240 to Ireland, and the remainder distributed between Konigsberg,

Danzig and Hamburg. The quantity exported exceeds that of 1889 by
21,570 barrels. Twenty-two establishments were engaged kippering

herrings ; the trade in these and in fresh herrings still maintaining its

importance, and proving a source of much benefit to the district. Six

large steamers were specially employed while the fishing was in progress,

carrying herrings to Scottish and English ports for distribution through-

out the country. During the year 3 fishermen were drowned. The
loss in boats and fishing material, which was unusually heavy, is estimated

at £4003.

Loch Broom District.

From Cape Wrath to Diebeg, both exclusive
;
including the lochs and islands

within this range of coast.

District Fishery Office— Ulhpool.

The herring fishing commenced in Loch Broom district early in May,
and was prosecuted with indifferent success till December. During this

period small shoals came into some of the principal lochs, but at no time

during the year did herrings appear in abundance. The largest number
of boats employed at one time was estimated at 50. There are 602
boats in the district, about 280 of which used herring nets during the

year. A number of these were small boats carrying from 6 to 12 nets

each, and only fished a quantity sufficient for the use of the crew. As
there was no means of sending fresh fish to the home markets from tliis

district, and as the local demand was small, prices generally ruled low.

The total catch for the year amounted to 3158 crans, of which 1904
were cured on shore, and 1394 barrels were cured on board of 11 vessels

fitted out in the district. The quantity taken, although up to the average

of the past few years, shows a decrease of 2839 barrels from the previous
year.

In the disastrous gale of 25th June, 8 lives were lost, besides a
considerable quantity of netting—several crews losing their whole drift,

and narrowly escaping with their lives.
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Loch Carron and Skye District.

From Diebeg, inclusive, to Loch Nevis, exclusive
;
including the lochs and

smaller islands within this range of coast ; also the islands of Skye
Scalpa, Raasay, Rona, and Croulin.

District Fishery Office
—Broadford.

In this district the early herring fishing commenced in January, but

was very unsuccessful, owing to stormy and unsettled weather. The
regular summer fishing began in July, but with the exception of Portree

and Loch iVinort, where a fair catch was taken, little was done throughout

the district until about the middle of September. At that time a

successful fishing began in Loch Hourn and Sound of Sleat, as well as

in Lochs Slapin and Eyshort, continuing in the two former places until

the middle of December and in the two latter till the end of the year.

The total catch was estimated at 39,782 crans. Of this quantity 11,475

crans were sent to the markets fresh. The herrings generally were much
superior in quality to those of the previous year, but still prices were low,

averaging about 8s. per cran. This low average was partly accounted for

by the low prices obtained in Lochs Slapin and Eyshort, where the means
of communication are very limited. There are 962 boats belonging to

the district, of which the greatest number employed at any one time was
498. Thirty-three curing vessels were fitted out during the year, and 6

steamers were engaged carrying fresh herrings to Glasgow, Oban, and
Stromeferry. Two fishermen were drowned during the season, and the

loss in boats and fishing material was estimated at £850.

Fort William District.

From Loch Nevis to Oban, both inclusive
;
including the lochs within this

range of coast ; also the islands of Canna, Rum, Eig, Muck, Coll, Tyree,
lona. Mull, Lisniore, Kerrera, and the smaller islands.

District Fishery Office—Ohan.

The herring fishing in the Fort William district was very successful

last year. The number of boats belonging to the district is 243, and of

these 193 were employed during the season, in this and other districts.

On one occasion 87 boats were engaged in the fishing, but the average

number was only 25. The principal fishing grounds were off the Island

of Canna and in Loch Scriddan. At Canna the fishing continued from

the end of September to the close of the year, and in Loch Scriddan from

the beginning of August to the end of December. The total quantity of

herrings cured amounted to 5176 barrels, as compared with 969 in 1889.

The quality of the herrings was good. Prices ranged from Is. to 105s.

per cran, the average price being 10s. 6d. Five curing vessels w;.'re

fitted out during the season.

Campbeltown District.

From Tayinloan, inclusive, round the Midi of Cantyre to Skipness Point, in-

clusive
;
including the islands of Colonsay, Jura, Islay, Gigha, and Sanda.

District Fishery Office—Gam^pheltown.

The herring fishing of 1890 was prosecuted in this district throughout

the whole year, with the exception of the period from 15th March to 31st



of the Fishery Board for Scotland. 21

May, which was recognised as a close time by the Fishermen's Association.

Tiiere were 484 boats einploj/ed—the result of the year's fishing showing

a small decrease as compared with 1889, but nearly on an average with

that of the past 10 years. The total quantity of herrings cured and sold

for consumption fresh in 1890 amounted to 45,733 barrels, against 45,883

barrels in 1889. The fishing was fairly successful in January and
February, some of the crews securing good hauls, which sold at remuner-

tive prices—the quality of the fish being superior. At the close of

February the greater number of the boats went to the Ballantrae banks
and remained till the end of the season there. The regular summer
fishing opened on the 1st June, and was carried on with fair success by
drift-net boats during June and July, but was almost a failure from
1st August to 30th September, when it was given up. The crews

using the seine or circle-net were not very successful during the summer
nor in the closing months of the year, except in the weeks ended 25th

October and 8th November, when upwards of 8000 crans were landed.

The fishing finally terminated at the end of November, and prospects

being good on the Ayrshire coast, the majority of the boats proceeded

there and remained till the close of the year. The herring shoals in

Kilbrannan Sound during the weeks above referred to were dense, and
many hundreds of crans of herrings were frequently encircled, but the

greater portion of the fish escaped through the bursting of the nets. The
largest single take, amounting to 117 crans, was landed from a seine-

net by a Carradale crew, and sold at 24s. per cran. A double crew be-

longing to Campbeltown, who carried on the same mode of fishing, earned

£950 during the season, while others earned from £250 to £350. The
fishermen using the drift-nets experienced a more unremunerative season

than in any year hitherto recorded. The quality of the herrings was excel-

lent, especially in summer and autumn. The fish were also of a good size,

ranging from 500 to 600 to the cran. The principal fishing ground was in

Kilbrannan Sound ; but the fishing was also very prosperous in Loch-

gremard, Islay, during the summer months and the month of September,

and remained regular till the end of the year. In Lochindaal, where a fair

fishing was got in the previous year, the catch was very poor. In the

early part of the season the prices ranged from 24s. to 60s. per cran, and
afterwards from 8s. to 50s. The total value of the season's catch was
estimated at £36,368. The herrings were forwarded to Glasgow by
trading and chartered steamers. Besides the district boats employed in

the fishing, there were others from Arran, Loch Fyne, Bute, Ayr, Mull,

Skye, and the Firths of Forth and Moray. At Campbeltown a small

quantity of herrings was kippered and cured gutted. The latter industry

was carried on much more extensively at Islay.

Inveraray District.

From Oban to Tayinloan, both exclusive; including the lochs and islands

within this range of coast, and from Skipness Point and Ardlamont Point,

both exclusive, for both sides of Loch Fyne, to the head of the loch.

District Fishery Office—Ardrishaig.

The herring fishing in this district commenced in the first week of June
and closed in the last week of December. There are 319 boats belongin*'

to the district, about 250 of which were constantly employed. When the

season opened two-thirds of the fleet fished with drift-nets. This mode
of fishing did not succeed, and before the middle of July two-thirds of

the boats were fishing with seine-nets, and the remainder with drift-nets.

0
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The total catch for the year amounted to 33,650 crans, which is the

largest recorded for the last 6 years, and is an increase of 7401 crans,

as against 1889. When compared with the average catch for the past

20 years, it also shows an increase of about 7000 crans. The most

successful months were July, August and December. The fishing was

light and irregular in June. A large and dense shoal of herrings of good

quality was discovered off Ardrishaig in the first week of July, and from

that time till the close of October the industry was successfully prosecuted

in Lower Loch Fyne. The best takes were landed along the shores of the

east side of the loch between Ardlamont Point and Otter Spit. During

the period when the shoal was in the loch, takes ranging from 50 to 80

crans were landed nightly, and takes of 100 to 150 crans were frequent—one

crew landing a single take of over 200 crans. In the last week of October

a dense shoal of herrings again entered the loch, and during the remainder

of the season large hauls were landed by both seine and drift-net boats.

The fish, however, were very small, and of such little value that the

fishermen refrained from taking too many of them, otherwise the total

catch for the season would have been much greater. To seine-net fisher-

men the season was fairly remunerative. The highest sums realized for

single takes ranged from £60 to £160. Crews of 2 boats using seine-

nets, and working together, earned sums ranging from £500 to £700
during the season, while a few of the most successful crews got from

£900 to £1100
;

others, however, only received from £200 to £300 for

their aggregate catches. The earnings of the drift-net crews were very

low—a few of the most successful only realizing sums ranging from £70
to £80, as compared with £150 to £200 in 1889. The quality of the

herrings taken up till the close of October was superior, and the size

generally large. Those caught afterwards were small and inferior in

quality. Prices generally ranged from 20s. to 30s. a cran, but the high

rate of 70s. a cran was often obtained. Those caught in November and
December sold at prices ranging from 2s. to 10s. a cran,—the total value

of the catch being estimated at £43,746. The bulk of the season's catch

was forwarded direct to Glasgow in steamers chartered by the Argyll

and Bute Fishermen's Association, and sold for use fresh, or to be

kippered,—only 1060 barrels being cured.

EoTHESAY District.

From Ardlamont Point, inclusive, to Roseneath Point, exclusive
;
including

the lochs within this range of coast ; also Bute and Arran.

District Fishery Office—Rothesay.

The herring fishing commenced on the 16th June, 2 weeks earlier

than in the previous year, but did not become general till the 20th July,

and practically closed in October. There are 232 boats belonging to the

district, 168 of "which use nets and lines. The total amount of herrings

landed was 9885 crans, a decrease of 1596 crans as compared with

1889. These figures compare favourably, however, with the average of

the past 10 years. As early as April, shoals of young herrings made
their appearance in the bays and lochs of the district. The fishing in

the lochs was almost a failure, particularly in Loch Long—the fishing

grounds along the ]N"orth Coast of the Island of Arran, Skipness, and
Ardlamont Point being the most productive. At the latter place, an
immense shoal estimated at 3 miles long and over a mile broad was
found, and in one week of the season as many as 302 boats were em-
ployed, manned by over a thousand men and boys. The seine or circle-
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net was the most effective engine used, 50 crans being frequently secured

in one haul. The most successful pair of skiffs, with a crew of 8 men,

using the seine-net, earned £220. In the early part of the season,

however, these crews fished with drift-nets. The most prosperous crew

of 3 men fishing witli drift-nets earned £120. The quality of the

herrings varied greatly during the season ; those caught in the lochs,

however, were exceptionally fine. Prices ranged from 15s. to 80s. per

cran, although many takes were sold at from 8s. to 10s. per cran. The
average price realised by the fishermen was 24s. 6d. per cran, or Is. 6d.

less than in 1889. The steamers which bought the herrings and con-

veyed thein to market were found useful in reporting as to the ground
on which the best shoals would be found. Seven vessels were fitted out

for curing herring in the north-west Highlands, and all returned with full

cargoes. The weather throughout the season was wet and unsettled.

Geeenock District.

From Glasgow, westwards, on the north side of the River Clyde, to Ros-
neath Point, both inclusive, including Gareloch ; on the south and east side

of the River and Firth of Clyde to Ayr, exclusive, including the Cumbraes.

District Fishery Office
—Greenock.

The summer herring fishing in this district was commenced in the

latter part of May, and was prosecuted until the end of September, when
it was brought to a close for the year. There were 246 boats belonging

to the district—106 herring boats, and 140 engaged in other branches of

the fishing. Fifty-nine boats were at one time employed in the herring

fishing, being 28 less than in the preceding year. The principal fishing

grounds were on the Ayrshire Coast and in Gareloch. Herrings were
found in Gareloch in moderate quantities during the months of June,

July and August, but no large shoals appeared at any time on the Ayr-
shire coast. The takes were small but generally distributed. The total

catch of herrings amounted to 1186 crans, valued at £2135, against

1840 crans valued at £4439 in 1889, 3185 crans valued at £5008 in

1888, and 1827 crans valued at £2306 in 1887, and is the smallest

catch on record for the last 12 years, with the exception of 1886.

All the catch was taken by drift-nets, and was disposed of chiefly to

local merchants, for consumption fresh. The highest individual take

was 18 crans. The bulk of the herrings were of inferior quality all

through the season, but good prices were generally obtained—the average

price per cran being 36s., as compared with 41s. 4d. in the preceding
year. The weather during the fishing season was often of a stormy
nature—strong wind accompanied by heavy rain keeping the boats from
going to sea on several nights.

Two curing vessels were fitted out, and 11,165 barrels of cured herrings

were landed in the district from them and from other vessels curing in

the north-west Highlands. This was a decrease of 2102 barrels from
1889. ]No lives were lost in connection with the fisheries, while the

damage sustained by boats and fishing material was only trifling.

Ballantrae District.

From Ayr to Sark River, Solway Firth, both inclusive.

District Fishery Office—Girvan.

As compared with the previous year, the herring fishing of 1890
presents a favourable return, and this arises from an exceptional catch at
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Ayr in December. The winter herring fisliing commenced in January,

but was seriously interrupted at the outset by gales of wind, and fogs,

scarcely any progress being made till the middle of February, when a

favourable change in the weather allowed the boats to go to sea. At
this time the herrings were on the Ballantrae spawning banks, and in

the week ended 22nd February 3200 crans were landed. The best

catch, however, was made during the week ended 1st March, when 4000
crans were taken on these banks, and sent to market fresh and

sprinkled, 300 waggons with herrings being forwarded from Girvan
Kailway Station, mostly to English markets. On Tuesday, 4th March, a

catch of 2i55 crans was landed, but the weather again becoming stormy,

the fishing was stopped for the remainder of the week. The trammel-

nets were lifted from the banks, tbe Argyleshire crews proceeded home,
and the winter fishing terminated with a total catch of 8200 crans. The
highest number of boats fishing was 174, and the average price obtained

per cran was 13s. Herrings were generally large and of good quality.

Drift-nets, seine or circle-nets and set trammel-nets were all employed in

the fishing.

The summer herring fishing, which commenced in May, was light

throughout both on the Ayrshire coast and in Luce Bay, and closed on

the 30th of August with a total catch of 1639 crans. The highest

number of boats fishing was 89, and the average price per cran obtained

was £1, 7s. All the herrings were disposed of fresh, and mostly con-

sumed in the district. The herrings throughout the entire summer
were small.

An autumn fisliing commencing towards the end of November con-

tinued with unprecedented success till the close of the year. The herring

shoal first touched the coast off Ayr Heads, and extraordinarily large

catches were landed almost daily by the seine-net hsheinien from
Argyleshire. With line frosty weather, an offshore wind and quiet sea,

the boats were nightly at work and on each occasion secured heavy
catches. During the period between 24th November and 31st December
9457 crans of herring were landed at Ayr—a catch unprecedented at that

port, and which raised tiie iot'A for the year to 19,316 crans, as compared
with 10,366 crans in 1889. The herrings were so close to the shore that

quantities were washed on the beach, and on some occasions were found
alive in the boats when brought into the harbour. Several very heavy
catches were taken—75 to 100 crans being not unfrequent, and one pair

of seine-net boats landed as many as 135 crans. Most of the herrings

were taken by the Argyleshire crews with the seine-net. A large

number of English and local buyers were present, and the demand being

good, prices for this period were from I63., 20s., 32s. up to 42s. a cran.

The herrings were uniformly large and of excellent quality ; 184 boats

were fishing at Ayr at this time. In a selected week of the season, 370
boats manned by 1480 men and boys were engaged in the fishing, and 57
coopers, 10 gutters and 176 labourers were employed in curing or sorting

the herrings. During the year 3 boats were totally lost and 4 men
drowned. The loss of netting and fishing gear was comparatively small.
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APPENDIX A.—No. VIIL

STANDAKD MEASUKES FOE FRESH HERRINGS.—Regula-

tioQS made and established by the Fishery Board for Scotland,

under the Provisions of the Herring Fishery (Scotland) Act
1889, for the Construction and Branding of Measures for

Buying, Selling, Delivering, or Receiving Fresh Herring?} in

the Scottish Herring Fishery.

In virtue of the powers conferred on them by the Herring Fishery (Scot-

land) Act, 1889 (52 and 53 Vict. cap. 23), sec. 4, the Fishery Board for

Scotland hereby give notice, that from and after the 1st day of January,

1890, a quarter-cran measure which may be used for buying, selling,

delivering, or receiving fresh herrings in the Scotch Herring Fishery,

being a measure of such capacity that four times its contents, when filled

with herrings, shall be equal to one cran, shall take one of the two follow-

ing forms :

—

I. Basket Measure.

A basket of a circular form, well bound, and composed of willows,

pieces of hoopwood, hardwood, and cane, all of fresh quality, and of suit-

able size and strength, which shall, for convenience in use, have two cane

handles. A sample basket may be seen at every Fishery Office.

Such Basket shall be of the following dimensions :

—

Interior diameter at bottom, 14| inches
;

Interior diameter at mouth, 17J inches
;

Diagonal measurement from inside the bottom to the inner side ef

the mouth, \ inches;

Height inside, inches;

Kise in the bottom, 1 J inches.

The Materials of which the basket shall be constructeb
shall be conform to the following Specification :

—

Willows.

6 long lays in the bottom and side

;

6 short sticks in the bottom

;

20 stakes in the bottom and side

;

18 bye sticks in the side.

Hoopwood and Hardivood Uprights.

6 pieces of hoopwood, each 1 inch broad, to be placed in the side

at equal distances from each other and with their bark sides

outermost ; and 2 uprights of suitable hardwood, one of which
shall be placed in the side in the centre of each of the spaces

between the two ends of the handles, to be flat and smooth on
outside to receive the official brand, notched at top and middlcj

and bevelled to inside of basket, each to be 1^- inches broad
from the top to the middle notch, and thence tapering to bottom.

The said pieces of hoopwood and uprights shall be straight.
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Binding.

The basket shall bo well bound, and shall have strong and suitable

bmding and waling at the mouth and bottom, and a iitching of

cane at each of the following places, viz. :

—

The lower edge of the bottom binding; the centre; and the

lower edge of the mouth binding.

II. Box Measure.

An oblong box, constructed of properly seasoned fir or other suitable

wood, well bound with iron hoops secured by nails, all of suitable size and
strength, which shall, for convenience in use, have two rope handles. A
sample box may be seen at every Fishery Office.

Such Box shall be of the following Dimensions:—
Length inside, 31 inches;

Depth inside, 7 inches;

Breadth inside, 14J inches;

Sides and top, | inch thick

;

Ends, f inch thick;

Bottom, J inch thick;

Cross bottom openings not to exceed J inch in width.

The Materials of which the Box shall be constructed shall

BE conform to the FOLLOWING SPECIFICATION :

Blocks.

Corner blocks inside, 7 inches long by 2 J inches square, with 1 inch

bevelled off inside corners, and similarly bevelled on both the

clear sides of the top, of those in front.

Wooden Straps.

Two bottom straps, f inch thick, and 2J inches broad ; one middle
strap, J inch thick and 4 inches broad.

Lid.

To be in two pieces : one a fixture 5 inches broad ; the other

movable, fastened with two strong hinges, screw fastenings at

neck, and nailed; with suitable clamps.

Binding,

The box shall be strongly nailed, and bound with 14 straps of iron

hooping 1 inch wide, each fastened with four nails—4 straps

being on the sides, 4 on front corners, 2 on back corners, and
4 on fixed portion of the top.

Handles.

Handles to be of | inch rope, with a double crown knot inside; the

fag strands not to exceed 2 inches in length.

It shall be lawful for the General or Assistant Inspector, or any of the

Fishery Officers of the Fishery Board of Scotland, to authorise any basket

or box measure fulfilling the before-mentioned conditions, intended for the

purchase, sale, delivery, or receipt of fresh herrings in the Scotch herring

fishery, to be branded in his presence with a hot iron having the figure of
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a crown, with the initial letters of his name, and the year of branding

thereon ; the brand on the basket to be stamped once on each of the

two uprights of hardwood placed in the side of the measure, and that on

the box to be stamped once on the centre of the right end of the measure.

In the event of a basket or box which has been branded as aforesaid,

being found on subsequent inspection by the General or Assistant

Inspector or any of the Fishery Officers of the Fishery Board for Scotland,

to be disconform in any respect to the foregoing specification, such

Inspector or Fishery Officer shall cause the brand thereon to be defaced.

The Regulations made on the 25th November last are hereby revoked.

Excerpt from the Herring Fishery {Scotland) Act, 1889.

4. Any person buying, selling, delivering, or receiving fresh herrings in

the Scotch herring fishery shall be entitled to use for the purpose thereof

the measure known as the cran, or a quarter-cran measure, being a

measure of such capacity that four times its content, when filled with

herrings, shall be equal to one cran ; and such measure shall be made of

wood, or of such other material as the Fishery Board for Scotland shall

direct, and shall be made and branded or otherwise marked in accordance

with any regulations for the time being in force of the Fishery Board for

Scotland, which regulations that Board are hereby authorised to make, and
from time to time to alter and revoke as they see fit.

These measures made, branded, or otherwise marked in all respects in

conformity with the regulations for the time being in force of the said

Board, shall be the only legal measures for use in buying, selling, de-

livering, or receiving fresh herrings in the Scotch herring fishery; and
any person using any box, basket, or other measure not so made, branded
or otherwise marked, shall be liable, on conviction under the Summary
Jurisdiction (Scotland) Acts, to a fine not exceeding five pounds for

the first offence, and not exceeding twenty pounds for the second or

any subsequent offence; and also to the forfeiture of the measure or

measures, which may be seized and destroyed or otherwise disposed of

by any superintendent of the herring fishery or other officer employed in

the execution of the Herring Fishery (Scotland) Acts : provided always,

that nothing in this Act contained shall prevent the sale of herrings by
weight or number or in bulk.

A basket and a box measure made and branded according to the fore-

going regulations may be seen at the Assistant Inspector's Office

in Leithf or at any of the District Fishery Offices of the Fishery

Board for Scotland; and measures 7nay be presented for the

purpose of being branded at such time and place as may be ar-

ranged by the Fishery Officer of the District.

D
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APPENDIX A.—No. IX.

TRANSLATION OF A CIRCULAPv, dated 8th-20th June 1887,

issueJ by the Russian Minister of Finance to the Customs

Authorities, respecting Declarations of Cargoes of Herrings

Imported in Barrels.

In accordance with the agreement arrived at between me and the

Comptroller of the Empire in reference to the re-establishment of the

previously existing immunities as regards the specification in lading

documents and declarations of foreign herrings imported in barrels, the

Customs authorities are hereby informed that the following facilities shall

be afforded with regard to the declaration of herrings :—L Herrings may
be designated in bills of lading, at the option of shippers, either by weight

or in number of barrels ; but in the latter case the dimensions of the

barrels must be given

—

i.e., it must be stated whether such barrels b
ordinary size—(1 Russian pond 361b. English)—up to 10 ponds gross

weight—double, or one and a half sized barrels, or half, quarter, &c.,

barrels. Should there be no designation in bills of lading, neither of

weight nor yet of the dimensions of the barrels, the bills of lading shall

be regarded null and void; the designation in a bill of lading of the

weight of herrings without an indication of the dimensions of the barrels,

or a designation of the dimensions of the barrels (of course with a state-

ment of their number), without anj^ indication of weight, shall not serve

as an obstacle to the recognition of the bill of lading as satisfying the

requirements of s. 7 of the rules regulating imports by sea.

2. Declarations of cargoes of herrings may likewise be made in accord-

ance with the bills of lading of such cargoes, either in weight or in barrels

without a statement of weight ; but in the latter case the dimensions of

the barrels must be given

—

i.e., it must be stated whether they are

ordinary, double, one and a half sized, half, quarter, &c., barrels ; at the

same time, should there prove any excess in weight, as compared with the

declaration, when weight be given, or in the number and dimensions of

barrels, big and small, when weight be not given, the declarers of the

goods shall be made liable to the established penalties in the ordinary

course.

The present circular order is applicable to all such cargoes of herrings

as may not, prior to the receipt of this order, have been cleared out of the

Custom-Houses.

(Signed) J. Vishnogradsky,
Directing Minister of Finance.

(Countersigned) N. Zaleugin,

Vice-Director of Customs Department.

DUGALD GRAHAIk[, Secretary.

Fishery Board for Scotland,

Edinburgh, 31st December 1890.
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APPENDIX B.—No. I.

COD AND LING FISHERY.—RETURN, by Districts, of the Number and
Tonnage of Vessels fitted out in Scotland for the Cod and Ling Fishery, in

the Year 1890 ; the Number of Men ; and the Number and Quantity of Cod,
Ling, and Hake Cured on Board.

DISTRICTS. Vessels, Tonnage, Men,

Number and Quantity of

Cod, Ling, and Hake
Cured Dried on board

of Vessels.

Fraserburgh, ,

Orkney, . , .

Shetland, ,

9

17
25

191

1,043

1,154

54

183
275

Number.
23,328
166,050
448,002

Cwts.

864
5,493

9,176

Totals, . 51 2,388 512 6?7,380 15,533

APPENDIX B.^No. 11.

COD AND LING FISHERY.—RETURN, by Districts, of the Number and Quan-
tity of Cod, Ling, and Hake Cured on Shore, in Scotland, in the Year
1890; distinguishing the Fish Cured Dried and the Fish Cured in Pickle.

DISTRICTS.

Number and Quantity of Cod, Ling,

and Hake Cured on Shore.

Number.
Cwts.
Dried.

Barrels

Pickled.

Leith,

Anstruther,

Montrose, .....
Stonehaven,
Aberdeen, .....
Peterhead,

Fraserburgh, .....
Banff, .

Buckie,
Findhorn, .....
Helmsdale,
Lybster,

Wick,
Orkney,
Shetland,

Stornoway,
Loch Broom,
Loch Carron and Skye, .

Fort-William, ....
Campbeltown, ....

16,470
179,034
37,912
19,054
98,039

111,766
155,732
51,500
50,599
8,428

2,400

15,275
146,910

514,079
1,152,367
604,837
124,110
90,690
41,167

57,025

560
7,893
1,269
666

3,961

5,411

5,872
1,953

1,953

122^
120

2,648

19,805
41,561

23,130
4,834

3,630
1,752

• 2,593

"21

*24

140

167
1,282
227

610
3,516

38

221

Totals, 3,477,394 129,733i 6,186
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APPENDIX B.—No. III.

COD AND LING FISHERY.—RETURN, by Districts, of the Total Number and
Quantity of Cod, Ling, and Hake Cured in Scotland in the Year 1890; dis-

tinguishing the Fish Cured Dried and the Fish Cured in Pickle.

DISTRICTS.

Total Number and Quantity of Cod,

Ling, and Hake Cured.

Number.
Cwts,
Dried.

Barrels

Pickled.

Leith,

Anstruther, . . , . .

Montrose, .....
Stonehaven, .....
Aberdeen,
Peterhead,

Fraserburgh,

Banff,

Buckie,
Findhorn, .....
Helmsdale, .....
Lybster,

16,470
179,034
37,912
19,054
98,039

111,766
179,060
51,500
50,599
8,428

2,400
15,275

560
7,893

1,269
666

3,961

5,411

6,7a6
- 1,953

1,953
1221

. 120

21

"24

140

167

1,282

227

610
Wick,
Orkney,
Shetland, .....
StornoAvay,

Loch Broom,
Loch Carron and Skye,

Fort-William,
Campbeltown, ....

146,910
680,129

1,600,369
604,837
124,110
90,690

41,167

57,025

2,'648
25,298

50,737
23,130
4,834

3,630

1,752
2,593

3,516
38

221

Totals, 4,114,774 145,266^ 6,186

APPENDIX B.-No. IV.

COD AND LING FISHERY.—RETURN, by Districts, of the Total Quantity oJ

Cod, Ling, and Hake Cured Dried, and Exported from Scotland, in the Year
1890 ;

distinguishing the Export to Ireland, to the Continent, and to places

out of Europe.

DISTRICTS.

Cwts. of Cod, Ling, and Hake Cured Dried and
Exported.

To Ireland.
To the

Continent,

To Places

out of

Europe.
Total.

Leilh,

Aberdeen, . .

Orkney,
Shetland,
Stornoway,
Loch Broom,
Campbelto^vn,
Greenock,

20,09i

2,680
15,004
4,033
840

1,897
20,051

6,446

"'220

11,724

10,373
3,640

20
910

843

36,913
3,640
2,920

27,638
4,033
840

1,897

20,894

Totals, 64,599 18,390 15,786 98,775
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APPENDIX C—No. I.

TOTAL QUANTITY OF FISH LANDED.—STATEMENT, by Districts, of the Total Quantity and Value of the different kinds of White and Shell Fish landed in Sooiland, in the Tear 1890, compared with 1889.

DISTRICTS. Herring. Sprat. Mackerel. Cod. Ling. Torsk (Tusk).
Saithe

(Coal Fish).
Haddock. Whiting. Turhot. HaUbut.

Sc
(Lemo

le

Sole).

Flounder,
Plaice, Brill.

EeL Skate.
Other kinds of
White Fish.

Total Value
of

White Fisli.

Oysters. Mussels. Chms. Lobsters. Crabs.
Other kinds of
SheU Fish.

Total Value
of

SheU Fish.

Total
Value.

Eyomouth, .

Leith, . .

Anstrutlier,

Montrose, .

Stonehaven,
Aberdeen, .

Peterlieail, .

Friwerlnirgli,

Banff, .

Buckie,
Findlioni, .

Cromarty, .

Helmsdale, .

Wick,"'
'.

45,951

7*419

34,646
11,113

88,791
159,988

23i913
29,429

3;685

18,992
7,273

106,713

Value.

£
28,461

6i269
20,698
7,283

69,219

98,233

17^639

17,476

21679

11,653

4,230

69,667

1,811

1,240
650

321

Value.

£

491
162
139

288

Cwts.

19

'21

"94

94

;;:

£

17

"31

"1

167
71

Cwfa.

3,816

42,838

39,3.52

10,828

10,498

37,846
27,613

16,807

13,071

23,668

2^893

4,647

3,493

39,722

Value.

£
1,332

24,631

12,182
3,978

2,699

19,866

8,133

6 702
4,231
8,491

4,796
898

1,648

1,163

13,920

Cwts.

28
2,076
2,289

613
618

6,367

6,060

6,063

1,165

3,576

2,667
34
62
29

10,747

Value.

£
14

1,402

749
216

3,053

2,207

3,330
442

1.030

774
11

28

3,964

Cwts.

"'2

3

226

233
97

"28

218

Value.

£

67
25
32

"ii

"60

Cwts.

267
2,012

4,011
893
989

7,155

6,179

4,444

1,685

1,167

635
65
190
729

9,686

Value.

£
34

611

481
116

95
1,290
371
620
286
108
119
21

31
89

1,414

Cwts.

30,098

94,006
22,756

82,189
28,687
130,034
60,399

46,249

79,171
60,628

30,946
8,218

4,004

1,661

14,686

Value.

£
16,303

49,863

11,997

761776
22,257
22,405

39,0.55

30,933

14,726

3,616

1,641

487
4,603

Cwts.

2,925

12,306

3,689

6,626

6,964

17,622
3,792

1,174

7,737

1,687

3,804

477
284
43

818

Vilue.

1,786

6,135

1,661

2,354

1,749

7,769

1,005

275
2,672
349

1,114

168
86
9

183

Cwts.

1,136*

196
273
28-4

2,801

69|
1

29
21

H
47

Value.

£
1

3,292
312

1,041

02
12,354

107
• 208

32
62
3

128

Cwts.

n
349
430
42
180

6,548

1,017
6934
85*

224
86
8

18
18

807

Value.

£
3

926
639
70

281

7,371

1,499

963
77

240
128

6
18
18

1,133

Csvts.

3,063

1,316

11,922

66^

74

"1

£

4,386

1,612

20,968

104

"io

"l

Cwts.

220
13,630

3,901

7,106

297
34,420

471
666
194

264
1,710

618
422

4

1,990

Value.

68
10,524

2,109

4,721

89
38,106

228
675
99

836
269
207

2
848

Cwts.

226
110
101

40
200
226
297
107
1024
71

253
38
662

£

162
71
58
21
174
126

68
20
31
44
98
9

423

Cwts.

8

3,518

1,979

687
643

6!465

643
3,519

1,698

68
110

77
6,836

Value.

£

1,467

164
111

1,313

1,116

124
392
408
18
38
14

2,309

Cwts.

37
24,024

355
13,127

380
28,420

1,256

'137

4,445

1,565

1,847
34
232

6,047

Value.

£
7

650
3,390

67
3,161

360

'
41

919

659
9

67
1,676

Value.

£
48,011

113,775

37,726
79.795

25,556

251,446
136,734
167,842

64,877

60,073

37,020
8,261

16,260

100^219

Huudreda. Value. Cwts.

47!638

62,614

6,430

7!858

3,129

145

Value.

£

3i414
3,163

270

679
236

Cwts. Value.

£

Hundreds

28'40

113-71
117-45

11-63

3 80

•21-80

6-10

4 -.50

50-60

10-76

4.30-26

Value.

£
146

460
460
66
26
19

92
26

23
324

73
2,361

Hundreds.

2,710-60

7,654-

6,841-

3,601-

1,466-

223-26
36-

lil91-
788-46

1,035-

68-50
18-

1,026-25

Value,

f
1,487

4,806

l!675

818
206
19

619
617
148

138
67
9

429

Cwts.

786
3,746

944

3,439

1,106

204
826

162

2,994

1,171

360
4,376

Value.

£
121

701
109

504
179

38
121

'15

333
148
68

727

£
1,764

10,348

6,946

i;01>2

231

346
1,058

709
189
766

1,073

764
150

3,531

£
49,766

124,123

44,671

261608

261,677
136,080

168,900

66,686

60,262

37,786
9,364

16,024

6,238

103,760

East Coast Totals car

}
768,268 493,859 4,022 1,070 234 228 290,251 113,670 41,174 17,432 1,277 212 39,091 5,486 683,631 348,647 68,548 26,314 4,639 17,610 10,406 13,377 16,3824 27,017 65,6644 68,843 2,6694 1,497 36,281 8,745 86,703 17,696 1,151,703 169 105 160,366 9,512 25,706 3,297 941-14 4,803 27,335-96 13,900 20,288 3,097 34,714 1,186,417

Orkney und Shetland.

Orkney,
Shetland, .

22,261 13,360 39,988 10,836
40^06

2,679 1,104

4,929

201
667

^9,283 1,088 11,186 2,702 60 15 60 33 1,736

4,9604
1,361 306 72

^12
94 2,700

1,892

603
179

33,147

89,067
80 36

3 290 165
1014-60 6,435 96-60 46 6,899 1,048 6,586

447
39,733

89,504

Orkney and Shetland 1

Totals carried down, j

95,895 68,230 106,874 24,629 48,964 11,392 6,033 868 44,483 4,253 32,626 7,752 60 16 60 33 6,6964 3,662 306 72 270 97 4,692 782 7,866 529 122,204 80 36 3,606 186 1014-60 6,436 96-60 46 8,772 1,330 7,033 129,237

WEST COAST.

Stonioway, .

Lo.-li Cai rou' anil Skye
I'oi t William, .

Camitbeltowu,
Inveraray, .

Rothesay, .

Greenock, .

Ballantrao, .

127,320
3,1.58

39,782

42^2824

33,6.60

1^186

19,316

129,6.53

2,105

16,250

36i368
43,746

2436
19,221

60

348

127

60
82

16

10
66

62
76

16,231

11,161

2,336

4,290

6,310

520
2,046
746

9,178

3,284

2,684
693

2,026

296
1,226

741

4,776

68,069

3,677
1,114

'772

20
635
20

668

17,662

1,091

426

302
13

247
20

316

1,186

83

"'2

241

21

"2

19,772

8,670
2,344

l!934
l„i91

111

1,947
925

306
398

162
387

23,386

6,547
361

1,6:6
239

'761

3,291

7,196

1,423

93

1,118

165

763
1,903

403
1,316

86

1,426

184

631

1,440

77
273
24

1,201

136

636
969

637
24
30

294

"94

130

359
24

15

44

52
289

2,862
222
23

'231

"'2

2

1,420
129
12

"39

3
3

52

"7

"82

18

iooj

20

"7

108

212

3,367
280
106

2,3014
26

1,796

6,270

932
71
60

2,041

14

1,415

4,142

4,033
1,213

l!021

225
328
77

1,3414

1,778
664
278

653
123
136
60

834

8,248
1,284

173

1,010

111

336
1,843

815
149

37

278
22

146
460

2,262

223
761

655
160

172

284
42

186

^67

142
221

166,673

9,491
18,404

9,626
44,620

46,046
16,655

6,317

33,807

3

1,606

1,744

6

748

632

790
1,669

'l76

1,060

161927

2,860

72
166

"20

104

696
203

3

60

1

"1

12

2,343-

462-

263-19
66-

87-26

170-

9,076

2,712

1,842

l',2I4

323

419

639

204-

132-

217-

12-96
79-

"2-

744-

96
19

79

"u
79

6,922

2,586

4,467

3;0984

1,769

264

1,677

1,008

447
616
628
780
386
284

1103

10,256

3,344
2,536

2,299

2,032

1,6.52

733

1,206

2,809

176,929

12,836

20,940

11,826
46,662

46,698

17,288

7,622

36,616

West Coa.st Totals car

ried doxvu, . }
283,093* 264,983 704 297 61,817 17,788 79,608 21,697 1,270 264 38,388 6,147 37,497 13,863 6,914 4,611 8664 816 3,129i 1,606 268f 16,4394 9,272 11,2464 13,891 2,160 4,649 1,263 349,439 3,263 1,385 27,323 1,503 55 14 4,476-44 18,102 l,390-95 622 26,1094 6,240 26,866 376,306

Totals brouEht down.

East Coast—Totals, .

Orkney and Shetland— 1

Totals, . . .!
West Coast—Totals, ,

GrandTotalsinYearl890,
GrandTotalsinYeorl889,

758,258

96,895

283,093i

493,859

68,2:30

264,983

4,022 1,070 234

704

228

297

III III
41,174

48,964

79,608

17,432

11,392

21,697

1,277

6,033

1,270

212

858

264

39,091

44,483

38,388

5,486

4,253

6,147

683,531

32,626

37,497

348,647

7,762

13,853

68,648

60

6,914

26,314

16

4,511

4,639

60

86.54

17,610

33

816

10,406

6,6964

3,1291

13,377

3,662

1,606

16,3824

268J

27,017 65,6644

306

16,4394

68,843

72

9,272

2,6694

270

11,2464

1,497

97

5,433

36,281

13,891

8,745

782

2,150

86,703

7,866

17,696

629

1,253

1,151,703

122,204

349,439

169

80

3,253

3,602

3,1194

106

36

1,386

160,366

3,605

27,323

9,612

1,603

26,706

66

3,297

14

941-14

1,014-60

4,476-44

4,803

6,436

18,102

27,336-90

96-60

1,390-95

13,900

46

622

20,288

8,772

26,1094

III

34,714

7,033

26,866

1-29,237

376,306

l,137,240j

1,062,430

827,072
716,446

4,022

1,249

1,070

263
938
664

626
380

448,942

503,663
155,987

172,100
169.6461 60,621

134,48l| 46,493

8,580

11,483

1,334

1,726

121,962

84,472

14,886

11,987

753,654
792,130

370,262

331,216
76,622

69,694J

30,840

23,786

6,6644
6,3384

18,459

20,472

20,231.?! 18,645

21,094| 18,496
16,651J' 27,386

14,391J 21,925

81,309

74,2704
68,187

53,072

14,076
i

7,027

16,230
1

8,562

53,764

50,087
11,677

10,875

99,218

87,3634

19,478

16,389

1,623,346

1,454,175
1,526

1,453

181,194

188,834

11,201

11,677

26,761

23,817

3,311

2,564

6,432-08

5,764-48

28,340

24,449

28,823-41 14,568

13,397

54,161)4 9,067

9,661

68,613

63,201

1,691,9.59

,517,376

Increases in Year 1890,
Decreases in Year 1890,

74,B16J 110,627 2,773 807 274 146
64,'721 16,ii3

35,166 4,028

2,963 391
37,490 2,899

88,476

39,037 6,827i 7,064

784 2,013 8624

149 2,260 6,461 7,0384 16,115
2,154

'

1,625

1

3,677 802 ll,8544j 3,089 169,171 3828 73
7,'640 476

1,944 747 667-60 3,891 1,080-41 1,171 6384 6 6,412 174,583

Note.—The values of fish knded iu Seotland in 1890, as shown above, represent the prices received by the flshermen. The total quantity of herrings landed, as above stated in orans, is equal to 3,980,362j cwts. Of this quantity, 1,304,603 barrels were cured, cbielty for exportation, and 231,674 crans, or 810,859 cwts., sold for consumption fiesh. Of the total quantity of cod landed, 68,891 cwts. were cured dried, and in pickle ;

of ling, 137,373 cwts. were cured dried ; of torsk, 6,070 owts. ; and of saithe, 90,671 cwts. ; the remainder of these fish being disposed of for consumption fresh.
1 AO \
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APPENDIX C—No. III.

TOTAL QUANTITY OF FISH LANDED.—Details, taken from

the reports of the inspectors and district fishery officers, of the

total quantity and value of the different kinds of white and

shell fish landed in Scotland, in the year 1890.

I. Different Kinds of White Fish.

The white fisheries of Scotland continue to be prosecuted with much
energy and perseverance, more particularly upon the East Coast, which
yielded the best returns. This is due in a large measure to the greater

facilities there for despatching fish to market for use fresh, and to the

fact that the majority of the East Coast fishermen devote the whole of

their time to the prosecution of the fishing industry.

Beam-trawling is gradually extending year after year on the coasts of

Scotland. The number of vessels engaged in that mode of fishing last

year, belonging to Scotland, was 118, or an increase of 8 on the pre-

ceding year. These were valued at <£ 148,873, and the trawl nets at

£8,258, giving £157,131 as the total amount invested in vessels and
material, being an increase, as compared with 1889, of £39,753. Besides

the above trawl vessels, there were from 50 to 60 English trawlers em-
ployed in the Scottish waters, and these landed most of their takes at

Aberdeen. The aggregate weight of trawled fish landed last year was
291,812 cwts., valued at £203,620, as against 252,524J cwts., valued at

£158,306 in 1889,—showing an increase last year of 39,287f cwts. and
£45,314 in value. The trawled fish consisted of cod, ling, saithe,

haddock, whiting, turbot, halibut, sole, flounder, plaice, brill, eel, and
skate. Of the total quantity of fish of all kinds landed last year, 15 "61

per cent, in weight, and 25*62 per cent, in value, were taken by beam-
trawl vessels. In 1889, it was 13*53 per cent, and 2146 per cent,

respectively. The average price of trawled fish was 13s. lljd. per cwt.,

while those taken otherwise realised only 7s. 5|d. per cwt. In 1889,
trawled fish brought 12s. 6^d. per cwt., and those taken otherwise, 7s. 2d.

per cwt. It will be seen from these figures that, during the past two
years, trawled fish realised about 6s. per cwt. more than those taken by
line.

The trawl vessels fished principally from the districts of Aberdeen,
Leith, and Montrose on the East Coast, and Campbeltown, Rothesay,

Greenock, and Ballantrae on the West Coast. Aberdeen, however, has
become the great centre for beam-trawl fishing in Scotland, having last

year invested in vessels and fishing material more than all the other

stations put together. The trawled fish landed at that port in 1890
represented 67*21 per cent, of the gross catch for the year. During
1890, 88 beam-trawl vessels landed fish at Aberdeen,—30 only occasion-

ally—of which 78 were steam vessels and 10 sailing vessels. They
made 3,308 arrivals for the purpose of landing their catches. The
principal grounds fished by these vessels lay off" the Coast of Aberdeen,
Moray Firth, Pentland Firth, around the Orkney Islands, and the Smith
and Dogger Banks.
A statement, by districts, of the total quantity and value of the

different kinds of white fish taken by beam-trawl vessels last year, and
landed in Scotland, will be found in Appendix C, No. II.
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The total quantity of all kinds of white fish landed in Scotland in 1890
amounted to 5,864,488;^ cwts., valued at £1,623,346, or 5s. 6Jd. per

cwt., and the value of shell fish .£68,613, giving £1,691,959 as the

gross value of both white and shell fish. Of this catch of white fish

4,01 3,621 J cwts. were lan4ed on the East Coast, 594,452 cwts. in

Orkney and Shetland, and l,256,414f cwts. on the West Coast. The
total quantity of white fish landed in 1889 w^as 5,589,239 cwts., valued

at £1,454,175, or 5s. 2id. per cwt., and the value of shell fish £63,201,
being an aggregate value of £1,517,376. Thus there was an increase

in the white fish returns of 1890, on the preceding year, of 275,249

J

cwts. and £169,171 respectively, and in the value of shell fish of £5,412.

The total increase in the value of both white and shell fish being

£174,583.
Some particulars follow of the total quantity and value (to the fisher-

men) of the principal kinds of white fish landed.

Herring.—Of herring, the total quantity landed in Scotland last year,

w^as 1,1 37,246J crans, valued at £827,072, being equal to 69*9 per

cent, of the gross weight of all kinds of fish landed, and 50*94 per cent,

in value. It shows an increase on 1889 of 74,81 6 J crans and
£110,627 in value. The average price obtained was 14s. 6|^d. per cran,

or 4s. per cwt., against 13s. 6d. and 3s. lOd. respectively in 1889. The
East Coast yielded 758,258 crans, Orkney and Shetland 95,895 crans,

and the West Coast 283,093J crans. The most successful districts were
Fraserburgh, with 196,914 crans

;
Peterhead, 159,986 crans

;
Stornoway,

127,320 crans; Wick, 105,713 crans; and Aberdeen, 88,791 crans. The
quality of the herrings taken last year was generally much superior to

those of 1889, and better than any taken during the preceding fifteen or

twenty years. Having been taken chiefly upon the inshore grounds,

the fish were usually landed early, and in very good condition.

Sprat.—The sprat fishing of 1890 only yielded 4,022 crans, valued

at £1,070. Although 2,773 crans, and £807 value, above that of 1889,

which, however, was a failure, it is 6,215 crans under the average of the

preceding seven years, the period since these returns w^ere first collected.

None of the other sea-fisheries exhibit such fluctuations as the sprat

fishery. The fish are generally taken in the months of January, February,

November, and December, in the upper reaches of the Firths of Forth

and Tay, and Moray Firth. A few are occasionally got in the Stornow^ay

and Fort William districts. The sprat is of comparatively little value

in this country, and when the fishing is abundant the greater portion

of the take is disposed of, at a very low rate, for manure. It is to be

regretted that this fish has not been utilised to better purpose, as is done
in certain foreign countries. The average price obtained last year was
2s. IJd. per cwt., while that of 1889 was Is. 2Jd.

Mackerel.—The total quantity of mackerel landed last year was 938
cwts., valued at £525, being an increase on 1889 of 274 cwts. and
£145. Orkney and Shetland did not yield any mackerel last year. The
East Coast only yielded 234 cw;ts., and the West Coast 704 cwts.,

—

Banff, Buckie, Fort William, Inveraray, and Ballantrae showing the

largest quantities. There has never been a district mackerel fishing in

Scotland, most of the fish landed being got in nets set for herrings.

Last year's average price was lis. 2|d. per cwt., against lis. 5Jd. per

cwt. in the previous year.

Cod.—The quantity of cod landed last year was 448,942 cwts., valued

at £155,987, being a decrease from that of 1889 of 54,721 cwts., and
£16,113 in value, The average price obtained by the fishermen was
6s. lljd. per cwt., against 6s. lOd. in 1889, or an increase of l^d. per

cwt. The most successful districts w^ere Shetland, Leith, Wick,
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Anstt-uthei*, Orkney, Aberdeen, Peterhead, and Buckie. The East Coast

yielded 290,251 cwts., and realised an average of 7s. 9|d. per cwt.; Orkney
and Shetland 106,874 cwts., average price 4s. 7d. per cwt. ; and the West
Coast 51,817 cwts., average price 6s. lOfd. per cwt.

Of the total quantity landed, beam-trawl vessels accounted fol' 29,716

cwts., valued at £17,769, being an increase on the preceding year of

6,039 cwts., and £3,428 in value. The average price was lis. lljd.

per cwt., while in 1889 it was 12s. Id. Most of their takes were landed

in the districts of Leith, Aberdeen, and Montrose, where they usually

commanded high prices.

Ling.—The total quantity of liiig landed last year was 169,646 cwts.,

valued at £50,521, being in excess of that of 1889 to the extent of

35,165 cwts. and £4,028. The average price obtained was 5s. ll^d.

per cwt., against 6s. lOfd. per cwt. in the former year. The districts

which showed the largest returns w^ere Stornoway, Shetland, Wick,
Orkney, Aberdeen, Fraserburgh, and Peterhead. The East Coast yielded

41,174 cwts., average price 8s. 5|d. per cwt.; Orkney and Shetland

48,964 cwts., average price 4s. 7fd. per cw^t. ; and the West Coast 79,508

Shetland last year by the Swedish luggars which fished off that coast.

Of the above take of ling, beam-trawl vessels landed 1,304 c\vts., valued

at £796, average price 12s. 2id. per cwt., against 12s. lOd. in 1889.

ToRSK (Tusk).—Torsk are not very abundant, and only Ibund in a few

localities. The total quantity landed last year was 8,580 cwts., valued

at £1,334, being a decrease from the preceding year of 2,903 cwts. and
£391 in value. The average price was only 3s. l^d. per cwt,, against

3s. in 1889. More than one half of the total take of torsk was landed

at Shetland, the remainder being landed chiefly at Stornoway, Orkney,

Aberdeen, Fraserburgh, Peterhead, and Wick. This fish, which at one

time was in great demand, has of late years greatly fallen in value.

Saithe (Coal Fish).—Every district yielded saithe in mol-e or less

quantities. The total take of last year amounted to 121,962 cwts.,

valued at £14,886, being an increase on 1889 of 37,490 cwts. and

£2,899. These fish are not much esteemed, and sell at low rates. The
average price obtained last year was 2s. 5|d. per cwt., against 2s. lOd.

in 1889. They were most abundant in Shetland, Stornoway, Wick,
Orkney, Loch Broom, Aberdeen, Peterhead, and Fraserburgh.

Of the total quantity, beam-trawl vessels landed 1,969 cwts.. Valued

at £915, the average price being 9s. 3jd. per cwt. ; in 1889 it was 7s. 5d.

Haddock.—The total quantity of haddocks landed last J^ear amounted
to 753,654 cwts., valued at £370,252, being a decrease in quantity to

the extent of 38,476 cwts., but an increase in value of £39,035. The
average price was 9s. 9|d. per cwt., while it was 8s. 4d. in 1889, showing
an increase of Is. 5|d. per cwt. in 1890 on the preceding year.

The haddocks landed last year were generally of good size and of

excellent quality. Exceptionally large takes were occasionally got on
the Berwick and Aberdeen coasts. Every district contributed more or

less to the aggregate catch. The East Coast yielded last year 683,531
cwts., or 90*69 per cent, of the entire take, average price 10s. 2|d. per

cwt.
;
Orkney and Shetland 32,626 cwts., average price 4s. 9d. per cwt.

;

and the West Coast 37,497 cwts., average price 7s. l|d. per cWt. The
districts which produced the largest quantities were Aberdeen, 130,034
cwts.

;
Leith, 94,006 cwts.

;
Montrose, 82,189 cwts.

;
Banff", 79,171 cwts. ;

Buckie, 60,528 cwts.
;
Peterhead, 50,399 cwts. ; and Fraserburgh, 46,249

cwts. A large portion of the gross take was smoked and cured as Findon
haddocks.

Of the total quantity of haddocks landed last year, beam-trawl vessels
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landed 130,840 cwts., valued at £76,655, showing an increase on 1889
of 7,591 cwts. and £19,510. The average price was lis. 8|d. per cwt.,

while it was 9s. 3d. in 1889.

Whiting.—The total qiiahtity landed last year was 75,522 cwts.,

valued at .£30,840, showing an increase, as compared with 1889, of 5,827^
cwts. and £7,054 in value. The average price was 8s. 2d. per cwt.,

against 6s. 9d. in 1889. The East Coast contributed 68,548 cwts.,

Orkney and Shetland only 60 cw^ts., and the West Coast 6,914 cw^ts.

With the exception of Shetland, whitings w^ere taken in more or less

quantities in every district. The districts of Aberdeen, Leith, Banff,

Montrose, and Stonehaven yielded the largest quantities.

Of the gross take, beam-trawl vessels landed 7,605 cwts., valued at

£3,345—average price 8s. 9Jd. per cwt., while it was 7s. 5|d. in 1889.

TuRBOT.—Last year's take of turbot amounted to 5,554^ cwts., valued

at £18,459, being a decrease from 1889 of 784 cwts. and £2,013 in

value. The average price per cwt. was £3, 6s. 5Jd., against £3, 4s. 7d.

in the previous year. The East Coast yielded 4,639 cwts., which sold at

an average price of £3, 15s. lid. per cwt.; Orkney and Shetland, 60

cwts., at 13s. 2d. per cwt. ; and the West Coast, 865J cwts., at 18s. lOJd.

per cwt. There is always a good demand for turbot, and they usually

command high prices. They are not very abundant on any part of the

Scottish Coast, although every district contributed to the total catch,

with the exception of Shetland, Inveraray, and Eothesay. The districts

which yielded the largest quantities were Aberdeen, Leith, Stomoway,
Montrose, Anstruther, and Ballantrae.

Of the gross quantity landed, 4,019 cwts., valued at £16,252, or 72*35

per cent, in weight, and 88*04 per cent, in value, were taken by beam-
trawl vessels, and sold at an average of £4, Os. lOJd. per cwt., while it

was £3, lis. 3d. in 1889. Aberdeen contributed the greatest quantity,

or 68 per cent, of all the turbot taken by trawlers, and Leith yielded

23 per cent.

Halibut.—The total quantity of halibut landed last year was 20,231 J
cwts., valued at £18,645, showing a decrease from 1889 of 862J cwts.

in quantity, but an increase in value of £149. The average price was
18s. 5d. per cwt., against 17s. 6d. in 1889. The East Coast yielded

10,406 cwts.—average price 25s. 8^d. per cwt.
;
Orkney and Shetland,

6,696J cwts., at 10s. Ud. per cwt. ; and the West Coast, 3,129J cwts., at

10s. 3d. per cwt. The districts of Aberdeen, Shetland, Stornoway,

Orkney, Fraserburgh, and Wick show the best results. More than one

half of the gross catch was landed in the first two districts. Aberdeen
stands highest, owing to the large quantities landed by English vessels,

which had been specially engaged in fishing for halibut wdth lines upon
the Shetland Coast. A large proportion of the catches were landed alive

from wells, and realised good prices.

Of the gross quantity of halibut landed last year, only 44J cwts.,

valued at £96, were taken by beam-trawl vessels,—average price 43s.

IJd. per cwt., against 37s. 6d. in 1889. It would seem that halibut are

not so easily taken by trawlers as turbot, although both are ground
lish. Of the total take of the former, trawlers only landed "21 per cent.,

and of the latter 72*35 per cent.

Sole (Lemon Sole).—Of soles, the total quantity landed last year,

w^as 16,651 J cwts., valued at £27,386, being an increase on the preceding

year of 2,260 cwts. and £5,461 in value. The average price was
32s. lid. per cwt., against 30s. 5d. in 1889. Aberdeen shows the best

return, 11,922 cwts., or 71*59 per cent, of the whole take. The re-

mainder were landed chiefly at Leith, Montrose, and Ballantrae districts.

This fish is always much prized, and commands a ready sale and good prices.
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Beam-trawl vessels landed 16,341 cwts., valued at £26,937, or 98 per

cent, of all the soles taken last year. The average price was 32s. lljd.

per cwt., against 30s. 4d. in 1889.

Flounder, Plaice, and Brill.—The total quantity of these fish

landed last year was 81,309 cwts., valued at £68,187 — an increase

on the preceding year of 7,038^ cwts. and £15,115 in value. The
average price obtained was 16s. 9;Jd. per cwt., against 14s. 3d. in 1889.

The districts of Aberdeen, Leith, Montrose, Ballantrae, Anstruther,

Stomoway, and Campbeltown yielded the best returns. A few were
landed at all the other districts, except Shetland.

Of the total quantity, beam-trawl vessels landed 54,244|- cwts.,

valued at £54,059, or 66*71 per cent of the gross take. The average

price was 19s. lid. per cwt., against 16s. 8d. in 1889.

Conger Eel.—The total quantity landed last year was 14,076 cwts.,

valued at £7,027, showing a decrease from the preceding year of 2,154
cwts. and £1,525 in value. The average price was 9s. llfd. per cwt.,

against 10s. 6d. in 1889. With the exception of Eyemouth, every

district contributed more or less to the total quantity. The East
Coast returns amounted to 2,559J cwts., Orkney and Shetland to 270
cwts., and the West Coast to 11,246| cwts. Eels were looked upon as

of little or no value until recent years, but they are now in good
demand, and realise about the same price as the best round fish.

Beam-trawl vessels only landed 159 cwts., valued at £103 of the

total take. The average price was 12s. ll;|d. per cwt., against 10s. 6d.

in 1889.

Skate.—The total quantity of skate landed last year was 53,764
cwts., valued at £11,677, being an increase over the previous year of

3,677 cwts, and £802 in value. The average price was 4s. 4d. per cwt.

—

the same as in 1889. Skate were got in fair quantities in every district.

Stornoway, Wick, Aberdeen, Buckie, Peterhead, Fraserburgh, and Leith

show the largest returns.

Of the gross quantity, beam-trawl vessels landed 4,085 cwts., valued
at £663. The average price being 3s. 2|d. per cwt., against 4s. in 1889.

Other Kinds of White Fish.—A great variety of fish are included

under this head, the most important of which are hake, bream, gurnard,

cat-fish, and sillock. The total quantity landed last year amounted to

99,218 cwts., valued at £19,478, being an increase on the preceding
year of 11,854J cwts. and £3,089 in value. A large proportion of

these fish changed hands at a very low figure, the average price being
3s. lid. per cwt., against 3s. 9d. in 1889. Every district contributed

more or less to the gross quantity, those which gave the largest returns,

however, being Aberdeen, Leith, Montrose, Wick, Shetland, Fraserburgh,
and Buckie.

Beam-trawl vessels landed 41,485 cwts., valued at £6,030 of the total

quantity. The average price was 2s. lOfd. per cwt., against 2s. lid.

in 1889.

II. Different Kinds of Shell Fish.

Of shell fish landed in Scotland during 1890, the total value amounted
to £68,613, against £63,201 in 1889—an increase to the extent of

£5,412. Every variety shows an increase on the previous year, with
the exception of mussels.

Some particulars follow of the total quantity and value of each of the
different kinds of shell fish landed.

Oyster.—The oyster fishery, which has deteriorated so greatly

during late years, showed a slight improvement last year. Tlie total

quantity landed was 3,502 hundreds, valued at £1,526 or an increase
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of 382§ hundreds, and £73 in value on the returns of 18S9. The
average price obtained was 8s. 8^d. per hundred, against 9s. 3d, in the

former year. Inveraray district yielded 1,506 hundreds, and Ballantrae

1,744 hundreds, or about 92*8 per cent, of all the oysters taken in

Scotland in 1890, but these were taken from private oyster beds. A
few hundreds were landed in the Leith and Stornoway districts.

Mussel.—This is the only shell-fish which exhibited a decrease from
the returns of 1889. The total quantity of mussels landed in 1890 was

181,194 cwts., valued at £11,201,—a falling off to the extent of 7,640
cwts. and £476 in value. The average price was Is. 2|d. per cent.,

the same as in 1889. The East Coast yielded 150,366 cwts., the most
prolific mussel beds there being situated in the upper reaches of the

Firths of Forth and Tay, the mouth of the Eden, Moray Firth, and the

Montrose district. Orkney and Shetland returned 3,505 cwts. and the

West Coast 27,323 cwts. On the West Coast, a plentiful supply of

mussels for bait is easily obtained by the locaJ fishermen in most of the

sea lochs in their immediate neighbourhood, and occasionally extensive

consignments are forwarded to the East Coast, particularly from the

large mussel beds in the Clyde, off Port-Glasgow. The districts which
showed the largest returns were Montrose, Anstruther, Leith, and
Greenock. Large quantities of mussels were brought from Holland last

year, chiefly to the Aberdeen stations, and gave great satisfaction to

the fishermen, as they were superior to those of this country.

Clam.—The total quantity landed last year amounted to 25,761
cwts., valued at £3,311, being an increase on the preceding year of

1,944 cwts. and £747 in value. The average price was 2s. 6|d. per

cwt., against 2s. IJd. in 1889. Clams are chiefly found in the Firth

of Forth, on extensive beds lying off" Prestonpans and Cockenzie. Leith

district contributed 24,296 cwts. and Anstruther district 1,410 cwts.

Inveraray, Stornoway, and Fort William also got a few clams.

Lobster.—The total number of losters landed last year was 643,208,

valued at £28,340, showing an increase on 1889 to the extent of

66,760 and £3,891 respectively. The average price obtained was
lO^d. each, against lOd. in the previous year. Stornoway district

contributed more than one-third of the total take—the number landed

there being 234,300. Orkney yielded 101,450, Loch Broom 60,800,

Loch Carron and Skye 46,200, Wick 43,025, and Fort William 43,000.

A few lobsters were landed at each of the other districts, with the

exception of Shetland, where no lobsters are found.

Crab.—Of crabs, the number landed last year was 2,882,341,

valued at £14,568, being an increase on 1889 of 108,041 and
£1,171 respectively. The average price was 2s. OJd. per score, against

Is. lid. in the preceding year. The most productive districts were
Leith, Anstruther, Montrose, Eyemouth, and Stonehaven. With the

exception of Rothesay, Fort William, and Shetland, all the districts

contributed more or less to the total number landed. The crabs taken

on the West Coast are not much appreciated, being considered inferior

to those found on the East Coast.

Other Kinds of Shell Fish.—Those varieties of shell fish which are

included under this head are chiefly the cockle, whelk, limpet, and
razor-fish. The total quantity landed was 54, 169J cwts., valued at

£9,667, being an increase over 1889 of 538J cwts. and £6 respectively.

The average price was 3s. 6|d. per cwt., against 3s. 7d. in the former

year. The districts which contributed the largest quantities were
Stornoway, Orkney, Loch Carron and Skye, AVick, Leith, Montrose,
Fort William, and Campbeltown.

Cockles have always been found in greatest abundance on the West
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Coast, and from time immemorial have been largely used by the natives

as an article of food, and occasionally as bait. The most prolific beds

are in the Outer Hebrides, particularly at the north end of Barra, where
large quantities have been regularly gathered for many years and dis-

patched to the southern markets. The quantity taken last year was

3,708 cwts., valued at £388, against 4,880 cwts., valued at £451, in

1889, and 2,149 cwts., valued at <£215, in 1888. During the last six

years, the Barra cockle beds have yielded 32,941 cwts., valued at .£3,669.

Whelks are gathered in large quantities at most of the districts, both
on the East and West Coasts, and forwarded to the southern markets.

Limpets are found all over the Coast, and large numbers are regularly

gathered for bait, and in some places occasionally for food. Razor-fish

are not generally found in large quantities, except on the sands on the

West Coast during low tides. Broad Bay, in the Island of Lewis, yields

the largest supplies. Occasionally immense quantities are got there,

and are much relished as food
;

and, when abundant, considerable

quantities are shipped to other places.

The aggregate value of all kinds of fish, including shell fish, landed in

Scotland during 1890, was £1,691,959—an increase on the preceding
yeai' of 174,583.

DUGALD GRAHAM, Secretary.

Fishery Board for Scotland,

Edinburgh, 31st December 1890.
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APPENDIX D.—No. I.

FISHERY STATISTICS.—RETURN of the Number of Boats, Decked and
Un-decked, irrespective of the places to which they belong, employed in the

Herring Fishery in Scotland, in the Season of 1890, in a selected Week for

each District, with the Number of Fishermen and Boys by whom manned;
of Coopers, Gutters, Packers, and Labourers employed at the said Fishery

in the Week so selected ; and the Total Number of all such Fishermen
and other persons so employed.

Districts where the Boats
were employed at the

Herring Fishery.

Boats.

Fisher-

men and
Boys.

Coopers.

Gutters
and

Packers.

Labour-
eis.

Total
Persons

Em-
ployed.

Eyemouth, 270 1,568 138 1,089 296 3,091

Leith, 62 248 47 200 199 694

Anstruther, 143 1,001 44 130 47 1,222

Montrose, 148 956 103 684 116 1,859

Stonehaven, 66 462 31 207 27 727

Aberdeen, 375 2,437 167 1,948 512 5,064

Peterhead, 530 3,480 324 2,134 214 6,102

Fraserburgh, 710 4,726 403 2,896 448 8,473

Banff, 140 958 61 411 42 1,472

Buckie, 114 728 77 486 47 1,338

Findhorn, 105 674 55 438 39 1,206

Cromarty, 30 180 7 90 12 289

Helmsdale, 122 738 67 462 31 1,298

Lybster, . 74 420 34 255 30 739

Wick, 440 2,855 254 1,943 224 5,276

Orkney, . 113 678 34 283 28 1,023

Shetland, . 459 2,905 162 1,377 40 4,484

Stornoway, 983 6,378 331 3,043 402 10,154

Loch Broom, 50 200 2 40 3 245

Loch Carron and Skye, 498 1,729 69 466 26 2,290

Fort-William, . 87 279 6 78 12 375

Campbeltown, . 484 1,882 14 114 74 2,084

Inveraray, 297 993 3 33 1,029

Rothesay,

.

302 906 4 24 11 945

Greenock, 59 217 41 397 95 750

Ballantrae. 370 1,480 51 108 1,813
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APPENDIX D.—No. VIII.

FISHERY STATISTICS.—RETURN of the Number of Boats, Beam Trawl Vessels,

and Resident Fishermen and Boys, in the Fishing Villages or Creeks round the

Coasts of Scotland, for the Year 1890.

Number of Boats.
Total

CREEKS.
Class,

bo

30

ft.

eel.

Glass.

•

18

ft.

eel.

Number
of

Beam
Trawl
Vessels.

Number
of

Boats
and

rseam

Resident
Fisher-
men and
Boys.

Trawl

O OO
CO g Vessels.

Eyemouth IHstrict.

Amble, _ _ _ _ 6 1 2 9 18
Alnmouth, _ _ - 10 3 13 18
Bouhner, - - - - 6 22 3 31 46
Craster, _ - - - 15 23 6 44 66
Newton, _ - - - 12 13 1 26 32
Beadnell, - - - - 11 17 4 32 44
North Sunderland, 18 18 10 46 66
Holy Island, _ - - 12 19 12 43 78
Spittal, _ - - a0 14 3 23 62
Berwick, - - - 16 21 3 40 95
Burnmouth, _ _ - 19 4 22 45 114
Eyemouth, _ _ _ 65 10 12 87 308
Coldingham, _ - -

-
22 7 17 46 85

Total, - 208 Q8yo 485 1,032

Leith District.

Cove, _ _ - _ 18 18 24
Dunbar, - - - - 6 44 50 140
North Berwick, - - - 7 16 23 60
Port Seton and Cockenzie, - 60 44 ... 104 405
Prestonpans, _ _ _ 6 6 12 90
Fisherrow, - - - - 28 17 45 280
Leith, _ _ _ _ 12 2

"4
18 100

Newhaven, _ _ _ 23 115 138 390
Granton, - 4 2 13 19 122
Queensferry, 6 6 24
Bo'ness, _ _ _ _ o 2 4
Alloa, _ _ _ _ i2 12 24 60
Kincardine, _ _ _ 3 3 6 18
Limekilns, - 0 8 20
Inverkeithing, - - - 4 4 16
Aberdour, - - - - 4 4 12
Burntisland, - _ - "i 5 3 9 20
Kinghorn, - - - -

Kirkcaldy, _ _ _
6 10 16 26
2 23 25 40

Dysart, _ _ _ _ 6 8 14 28
Wemyss, - - - - 1 1 4

Total, - 162 321 46 17 546 1,883

AnstTuthcv DtstTtct.

Buckhaven, ^ _ _ 95 63 5 163 370
Methil and Leven, 1 3 4 8
Largo, _ _ _ -

Elie and Earlsferry, -
i'3 13 6 32 80

6 7 13 18
8t Monance, 91 19 110 390
Pittenweem, _ _ _

Anstruther and CeUardyke,
52 17

"3
72 235

173 14 10 197 630
Crail, _ _ _

Kins'sbarns and Boarhills, -
2 17 18 37 80

3 6 9 21
St Andrews, _ _ _ 32 19 5

"2
58 170

Tayport, - 2 42 7 51 110
Newburgh, _ _ _ 30 30 60 90

Total, - 490 214 100 2 806 2,202

F
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APPENDIX D.—No, YIII.— Coutiiiued.

Number of Boats.
Total

Class,

leel

and

^ards.

Number Number
of Resident

CREEKS. CO o
eg CO •

3 O «
Class,

•

18

ft.

eel.

of

Beam
Trawl
Vessels.

Boats
and
Beam

Fisher-

men and
Boys.

Trawl

CO Vessels.
O P

Montrose District.

Dundee, - - - - 2 1 3 11

Broughty Ferry, 29 30 68 127 loO
Westliaven, _ - _ 6 A

'x 10 20
Easthaven, _ _ _ 4 6 10 20
Arbroath, — — - — 51 27 11 89 162
Auchmithie, _ _ _ 8 24 3 35 68
Usan, _ _ _ - 1 6 2 9 28
Ferryden, - - - -

Montrose, - - - -
53 40 60 153 290

14 3 17 45
Milton, - - - . - QO 3 7
Johnshaven, _ _ — 16 27 58 118
Gourdon, - - - - to 65 Lt 122 270

Total, - 229 900 4 636 1,224

Stonchdven District.

Shieldhill, - - _ - 3 3 6 8
Catterline, _ _ _ 8 4 14 26 40
Crawton, _ _ — — 1 3 6 10 11
Stonehaven, _ - — 73 21 16 110 330
Cowie, _ — — - 5 7 4 16 33
Stranathra, - - 1 2
Skateraw, - - - - 2 1 9 34 65

Total, - 40 00 203 489

Aberdeen District.

Downies, - — — — A 4 1 O 18 35
Portlethen, _ _ _ 14 1 A 42 90
Findon, — - — — 2 4 9 23
Cove, _ _ _ - 6 10 7 23 76
Burnbank, - — — — 1 \ 1 3 6
Torry, _ ._ _ — 40 50 10 100 266
Aberdeen — — — — 36 o* 6 23 99 358

Total, - 103 116 52 23 294 854

Peterhead DistHct.
Newburgh, 3 2 5 17
Collieston, _ _ _ 15 27 1 43 104
Old Castle, - _ - 3 10 13 30
Whinnyfold, 8 12 "i 24 38
Port Erroll, _ _ _ 23 13 7 43 87
Bullers of Buchan, 3 2 3 8 15
Boddam, - - - - 93 14 4 111 199
Bumhaven, _ _

Peterhead,
6 5 10 21 25

113 36 33 182 362
Buchanhaven, - - - 52 16 17 85 177

Total, - 316 138 81 535 1,054
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APPENDIX D.—No. \III.—Continued.

Number of Boats.
Total

CREEKS.

1st

Class,

ft.

Keel

and

upwards.

2nd

Class,

ft.

to

30

ft.

Keel.

3rd

Class,

mder

18

ft.

Keel.

Num be]

of

Beam
Trawl
Vessels

Numbei
of

Boats
and
Beam
irawi

Vessels.

Resident
Fisher-

men and
Boys.

o
CO

CXD
»—

1

Fraserburfjh District.

St Combs, — — — — 41 8 69 118 157
Charlestown, _ _ — 0 Q Q

C5 16 26
Inverallochy, — — — If? fiOoz 130 212
Cairnbulg, _ _ _ Zo IZ 80 138
Fraserburgh., _ _ _ 'to ou 169 390
Pittulie, - - - -

Rosehearty, _ _ _
16 12 12 40 82

40 17 28 85 170
Pennan, - - _ - 9 9 18 36 64

Total, - Zoo zo7 674 1,239

Banff District.

Crovie, - - _ - 1 K10 OlZl 54 116
Gardenstown, - — _ AR 1 Qlo OQZO 92 196
Macduff, - _ _ _ Fin OQZo AO

4:Z 120 268
Banff, - _ _ _ AC\4U oo 1 niU 53 156
Wmtenills, _ _ _ OQZo t3o QOoZ 98 226
Portsoy, - -. - _ 30 7 16 53 148
oandend, - - - - 13 8 17 38 84

Total, - 225 117 166 508 1,193

Buckie District.

CuUen, - _ _ _

Portknockie, _ _ _

anDO y 1 0 88
108

268

70 Qo 30 300
Findochty, _ _ _ 0/

Qo ol 106 260
Portessie, — - — - OO o ly 108 340
Buckie, - _ _ _

Portgordon, -
192 19 17 228 784
DU o

O 7 75 250

Total, -
—~

538 58 117 713 2,202

Findhorn District.

Lossiemouth, — _ _ 120 14 3 137 480
Hopeman, - — — - 68 21 3 92 283
Burghead, - — — _ 35 12 5 52 193
Findhorn, - — — — 2 7 1 10 48
Nairn, — — 34 34 2 220
Campbeltown, — _ _ 8 8 16 48
Pettv _ ' _XCUUJf, — — — 2 2 2 «u 15
Inverness, -- — — — 4 2 0 18

269 102 18 IjOUu

Cromarty DistHct.
Craigton and Kilmuir, 6 6 30
Avoch, - - _ _ 36 41

"6
83 220

Fortrose and Rosemarkie, - 4 4 16
Cromarty, _ _ _ 17 21 36 74 193
Invergordon, &c., 6 6 24
Balintrad, - - - _ 2 2 8
Nigg, - - _ _ "i 10 11 36
Shandwick, _ _ . 6

"6
12 32

Balintore, - - - - 16 10
"2

28 87
Hilton, - - _ _ 11 9 9 29 80
Rockfield, - - _ 9 9 18 54
l*ortmahomack, - - _ 18 5

"4
27 100

Inver, - - - - 15 8 4 27 84

Total, - 129 115 83 327 964
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APPENDIX D.—No. Ylll.— Continued.

Number of Boats.
Total

UJrvJCiiiJvo. CO " 60

a> S Class,

to

30

ft.

eel.

Class,

r

18

ft.

eel.

Number
of

Beam
Trawl
Vessels.

Number
of

Boats
and
Beam

Resident
Fisher-
men and
Boys.

^ W rr^ ^ tad Trawl

o
CO

CO ^
Vessels.

Helmsdale Distfict.

Embo, _ - _ _ 25 14 3 42 90
Golspie, - - _ - 14 13 2 29 60
Brora, _ _ _ _

Portgower, _ _ _
15 11 3 29 66
6 4 2 12 22

Helmsdale, - - - lo 8 12 36 60
Navidale, - - - - 2 2 8
Berriedale, _ _ _ 4 4 16
Duiibeatli, _ _ _ 20 17 00

-LOtai; — — 96 '±0 4.08

Lybster District.

Latheronwheel, - 10 QO 1

1

24 62
Forse, _ _ _ _ 12 Q 3 21 44
Lybster, - _ _ _ 75 74 Q0 90 284
Olyth, - - _ _ 9 7 AU 22 90

Total, - 106 0^ 157 480

Wick District.

Whaligoe,----- 7 9 0 15 50
Sarclet, - - _ _ 8 9 15 54
Wick and Pulteney, - 203 1 f\ 263 790
Boathaven to Elzie, - 8 qo 0 19 40
Staxigoe, - - - -

Ackergill, - - - -
6 6 7 19 37
4 3 6 13 23

Keiss, _ _ _ 23 2 17 42 111
Nybster and Auckingill, 4 12 16 38
Freswick, - - - - 4 14 18 56
Duncansbay and Huna, 5 24 29 73
Stroma, - - - _ 10 2 45 57 125
Gills and Mey, - - - 6 21 27 74
Scarfskerry and Ham, 13 13 52
Brougli and Dunnet, - — 11 li AA

Castlehill and Murkle, 9 9 30
Thurso and Scrabster, i'i 14 11 36 72
Crosskirk and Brims, - 1 1 8 10 26
Sandside, ----- 1 5 6 30
Portskerra, "8

7 8 23 98
Strathypoint, - - - 2 6 8 26
Armadale, - - - _ 2 1 8 34
Kirtomy and Farr,
Island Roan, Skerry, &c., -

7 9 16 66
6 "i 24 31 130

Coldibacky and Scullomy, - 5 5 20
Talmine and Portvasgo, 5

"2
16 23 80

Erriboll, Rispond and Smoo, 1 30 31 90

Total, - 331 62 370 763 2,269
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APPENDIX D.—No. Ylll.—Continued.

CREEKS.

1st

Class,

30

ft.

Keel

and

upwards.

^ nber of B

!» O

*"*

3rd

Class,

under

18

ft.

Keel.

Number
or

Beam
Trawl
Vessels.

Total
'^J'n mViPi

of
Ron +;<!

and
Beam
Trawl

Resident
Fisher-

men and
Boys.

Burwick, — — — — Q6 1 11 10 Fin

Grrimness, — — — — 1 xo OU 19fiizo
St Margarets Hope, - 10 Qo on 41 1 /in1 4U
Ilerston, — 4 J 6 1

1

9QZO
Swona, — _ — _ 7 7 1 /I14
VI alls, — 9 1 15 09wz
Wnff£> _ _ _ _
S: IVbltdij _ _ _ _ 7 ] 13 91 7fi/o

Fara, South, _ _ 1 2 Q 19IZ
Cava, — — — — 2 9

noy. 4 6 in ^tu

Graenisay, — _ _ 0 o JO

Stromness, --
i

9 1 oIZ 91Zl 7Q

Orphir and Scapa, - — 1
A4 12 1 7 00

Holm oo 21 70

Burray, — - — _ 11 lo oo ao
Deerness, ~ - -

Tankerness, _ _ _
7 lU 17 60
oI

r
0 7 23

Kirkwall, - - - - 2 on 35 156
Evie and Birsay, A4 10 20 70
Rousay, - - _ _ 1 23 24 45
Weir, _ - _ - 1 1 3
Egilshay, - - - - 4

A4 1 9l.£
Shapinshay, _ _ _ 6 15 91

Li.

Stronsay, — — - — 13 i 16 QAoU innlUU
Eday, _ _ _ _ 4 1 lo 9Q QAy4
Fara, North, _ _ _

...
Qo

Westray and Papa Westray, 8 1 A 130 1 ?i9lOZ 404
Sanday, — — _ — 3 I 14 1 ^10 fin

North Ronaldshay, — - 9 25 o4 /O

lotai, -
— 172 o4 450 OOO 9 1 49Z,14Z

olieuana Uistrict.

Dunrossness, 1 n 28 40 lOO
Levenwick, _ _ _ 3 O 6 10 04
Hoswick, ~ — — _ 6 0 8 1 Qly «9OZ
Sandsair, - - - _ 14 4 7 25 114
Aithsvoe, - - - - 19 6 9 34 1 '7A170
Bressay, - - - _ 6 7 13 ono9
Lerwick, - — - — 49

r
;) 28 OZ Q1 Golo

Nesting, - - - - 7 4 11 50
Whalsay, - .

_ 24 2 24 50 152
Skerries, - - - - 3 3 6 12 42
Vidlin, - - - _ 6 3 9 54
DftloSVOG — — — — 6 5 11 36
Mossbank, - - _ _ 5 7 12 32
Burravoe, - - - -

Gussaburgh, - _ _
2 4 6 14

3 3 12
Midyell, - - - _ "e 15 21 46
Gutcher, - - - - 5 6 11 30
Cullivoe, - - - - 6 6 10 22 60
Fetlar, - _ _ _

Uyasound,- - . _
1 3 6 10 24

14 2 22 38 96
Baltasound, _ _ _ 5 5 10 40
Haroldswick, - _ _ "e 11 17 36

Carry forward, 188 62 221 471 1,644
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APPENDIX D.—No. N III.—Continued.

Number of Boats.
Total

Number
Resident
Fisher-
men and
Boys.

CREEKS.

-s • ^

eeoo ^

01

Beam
Trawl
Vessels.

of
Boats
and

Trawl
rH ^

CO

CO H

Jirougnu lorwftrclj ~ loo d2 221 4/

1

1,04:4

Norwickj _ — - — 4 5 y OA

Burrafirtlij _ _ — 7 9 Id AO

W^6st Ssindwick, "~ -~ oo 8 io A Q40
Fethaland, _ _ _ 1

0

12 14 OA 70tz
OlliiVlPlTV 18 1 slo 04
Sandvoe, _ — — — 00 Q0 lo
RonasvoGj — — — — Q 11 r.o^Z
Steniiis, — — — — lo 1 Qlo 1 HQlUo
^lillswickj _ _ _ Qo ... ZU OQ

iiO ou
"PariJi S'f.rfcnT* — — 4 ] 12 17 40
Slan^TiocQ — — —OaililXIityos, — — — 4 2 10 10 Pinou

SirtnTi^l — —V dfildt OUUllU) — — 11 14 70

OKciU, _ _ _ — 2 4 0 lo
Raewick, - - - - 6 3 9 42
Sand, _ _ _ - co A4 12 54
"Whiteness, _ _ _ Qo 10 18 54
Burwick, - - - -

Si/»£> 11 rkTITQ T7 ^ _ •OCttiAU Wctjf ,
—

2 3 5 18
9 51 fin 1 nolUZ

Oxna, _ _ _ _ QO 4 7
/ lo

irondra, — — — — 5 3 Q0 oO
Burra Isle, 12 8 OA o2

6 D ^4
Maywick, — —

... 8 Q0 o2
Spiggie, - _ - - 4 2 0 OAdO
Queendale, . _ —

... ••• 9 Q 07Zl
Foula Isle, _ _ _ 2 5 '7

7
OQ00

Fair Isle, _ — - _ 1 9 Of?00

1 otai, — — 289 118 458 000 2,884

Stornowdy Lristmct.

Europia, — - — — 3 3 a0 40
OlOW, _ _ _ _ 6 3 y 4iS

Portness, - - - -

Skegersta, — — — -

8 37 6 46 250
7 4 11 40

Tolsta, - _ _ - 6 9 4 19 60
vxien, — — - 1 1 1 3 14

8 6 14 120
x$acK, _ _ — _ 7 11 3 21 130
Vatisker, — — — — 5 9 4 18 150
Tong, 10 9 6 25 100
Stenish, - - - _ 4 4 10
Melbost, - - - - 2 5 5 12 60
Garrabost, - - - - 10 8 10 28 100
Shadder, - - - _ 7 4 3 14 60
Portnagurin, 12 12 6 30 170
Portvol ler, 4 5 6 15 85
Sheshader, _ _ _ 7 6 2 15 70
Bayble, - _ _ _

Knock, - _ - _
24 25 15 64 260
7 9 4 20 45

Swordle, - - _ - 5 6 4 15 50
Holm, - - _ . 3 4 7 18
Sandwick, - - - - 2 6 8 20
Stornoway, _ _ _ 3 15 18 25
Grimshader,

"2
5 2 9 40

Ranish, - _ _ _ 6 8 4 18 55

Carry forward, 118 201 130 449 2,014
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APPENDIX D.—No. NIII.—Continued.

CREEKS.

Number of Boats.

Numbei
of

Beam
Trawl
Vessels.

Total
Numbei

of

Boats
and

Beam
Trawl
Vessels.

Resident
Fisher-
men and
Boys.

w cc

o
CO

. -^^
CO «*H

^^%

00

esoo ,_;

CO C
!i

Brought forward, HQ110 ZUl 1 qr>loU 449 2,014

Stornoway District—continued.
Crossbost, - - - - Q

«/ 10 g 25 60
Leurbost, • - - - Qo 9 7 24 70
Keose, - _ _ _

Laxay, _ - - _
qo 7 20
o
£i

q0 5 20
Balallan, - - - - 1

1 4^ 5' 50
Habost, _ _ - _ ] RV 7 15
Kershader, _ _ _ i

0u 3 12
Garryvard, - . _ 1

K0 6 18
Croniore, - - - - qO Q0 0 17 50
Marvick, - _ _ _ ao c0 Q0 20 70
Calbost, - - aO D q 15 50
Gravor, - _ _ _ 7

/ iU Q0 25 60
Leumeriva, - g 7 7 20 60
Loch Seaforth, - - - 5 40
Eleiinenibe, _ _ _ 9 2 12
Quilis, _ _ _ _ 1 9 8 10
Scalpay Island, - - - q 14 63 160
Plockerpool, _ _ _ 19 50
Orrigo, - _ _ _ 0 0 7 16
Derriclate, - - _ Q 3 12
Maevig, - - - _ 1 z A

4 7 20
Drimishader, - _ _ 1 q 0 9 25
Scadabay, - - - - 1 q 7 11 20
Grozabay, — — - — Z q0 5 60
Cluer, - _ _ _ 4 4 20
Stocknish, _ _ _ i 0 D 16 50
Lochalee, - - - -

Grocrass, - - - -

D0 6 30
6 8 25

Manish, _ _ _ _ 4 4 20
Fladavay, - - - - c

0 5 20
Quitinish, - — — — 4 4 25
Finnisbay, - - - - 11 8 19 70
Strond, _ _ _ _ 1 0 OKzo 32 90
Tarrinsay, - — — — D 8 30
Airdhasaig, _ — _ 7 24
Scarf Island, _ _ _ 0 g 30
Borve, _ _ _ _ A z g 40
Shader, _ - _ _ 1 2 3 10
Barvas, _ _ _. _ 4 4 8 50
Arnol, _ - _ _ "i 3 3 7 40
Bragor, — _ - _ 1 3 5 9 85
Shawlbost, _ _ _ 2 6 .5 13 GO
Carloway, - - - _ 16

\^
6 33 150

Tolstachulish, -- 4 10 19 50
Tobson, - - - -

Eneclate, - - - -
1 8 6 15 60

4 4 20
Breasclate, _ _ _ "i

5
7 14 80

Geshader, - - - - 4 4 15
Kirkibost, - - - - "2

3 3 8 30
Carrishader, _ _ _ 5 5 20
Crulivig, - - - - 3 3 20
Valtos, _ _ _ _

Kneep, - - _ _

'5
12 8 25 120
5 4 9 30

Airduig, - _ _ _ 4 3 7 30
Crowlista, - - - -

"'2

8 6 16 60

Carry forward, 223 410 461 1,094 4,398
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APPENDIX D.-No. Nlll.—Continued.

Number of Boats.

Number
of

Beam
Trawl
Vessels.

Total
Number

of

Boats
and
Beam
Trawl

Vessels.

Resident
Fisher-

men and
Boys.

1st

Class,

30

ft.

Keel

and

upwards.

2nd

Class,

18

ft.

to

30

ft.

Keel.

3rd

Class,

under

18

ft.

Keel.

Brought forward, 223 410 461 1,094 4,398

Stornoway District—continued.

Mangersta, - 3 3 10
Islivig, - _ .

-
"i 4 6 11 25

Brenish, _ - - 4 6 10 25
Valley, North Uist, - 3 3 15
Lochmaddy, - _ _ 7 40 47 138
Locheport, _ _ _ 4 27 31 71
Graemsay Island, - - 2 9 11 37
Heisker Island, - - - 9 9 27
Benbecula Island, 2 70 72 106
Loch Skipport, - - - 2 10 12 30
Loch Boisdale, - - - 14 73 87 219
Eriskay Island, - - - 4 12 16 160
Brurnish Barra, i 2 5 8 50
Bualnabodach, - - - 1 2 8 11 36
Earsary, _ — — — 2 2 9 13 56
Brevig, _ - - 3 5 5 13 30
Castlebay, _ _ _ 10 19 21 50 174
Pabbay, _ - - - 2 1 3 5
Minglay, - - - - 5 3 8 30
Barrahead, _ _ _ 1 1 3
Borve, — — _ — 1 1 3

Total, 241 490 783 1,514 5,648

Loch Broom District.

Poulin, _ _ _ — 1 7 8 23
Oldshorebeg and Oldshore-
more, _ _ _ _ 2 1 18 21 86

Kinlochbervie, - - -

Badcall (Inchard), and
2 6 28

Achriskill, - _ _ 2 10 12 3t)

ArdiTiore and Portlovor-
chaidh, - 5 5 14

Findlemore, and Fanag-
inore, _ — — —

Tarbet and Scourie, - -
1 1 6 8 25
2 17 19 45

Badcaul (Scourie), "i 8 9 28
Glendhu and Unapooj, 6 6 22
Ardvar and Nedd, "i 7 8 24
Drumbeg, - - - - 6 6 14
Culkcin (Drumbeg), - 10 10 18
Clash nessie, _ _ _ "i 6 8 22
Achnacarnin, - - - 4 4 12
( ulkein (Stoer), - - - 4 4 14
Baffin and Balnacladich, i 8 9 24
Clachtoll. - 6 15 21 76
Achmelvich, - _ _ 3 4 7 24
Locliinver and Strathan, 1 8 9 26
Badnaban and Inverkirkaig, 1 ::: 11 11 27
Achnahaird and lieef. i

1

' 9 12 28

Carry forward, - 25 5 175 205 616
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APPENDIX D.—No. Wll.—Continued.

CREEKS.

Number of Boats.

oo

oo .

1=1

Total

Number Number
of

Beam
Trawl
Vessels.

of

Boats
and
Beam
Trawl
Vessels.

Brought forward,

LochBroom District—continued
Altandhu, - - - -

Polbain and Tanera, -

Achiltibuie and Badenscally,
Polglass and Culnacraig, -

Isle Martin and Ardmair, -

Rhue and Morefield, -

Ullapool,

Leckmelm and Ardcharnish,
Letters, Ardindrean and
Rheroy, - - - -

Achmore and Scoriag,

Charnoch and Badralloch, -

Ardessie and Badcall,
Durnmuk and Badlurach, -

First and Second Coast,
Sand and Laid,
Achgarve and Mellon Ud-

rigle, - _ - -

Opinin and Mellon Charles,-
Ormiscraig and Bualnaluil,
Tenefelin and Aultbea,
Poolewe and Naast, -

Inveresdale, _ _ _

Cove, _ _ _ -

Melvaig, - - - -

North Erradale, - - -

Sand (Gairloch),

Strath, _ _ _ _

Badachro, - - - -

Porthenderson, - - -

South Erradale,
Charleston and Red Point,

Total, -

Loch Carron and Skye District.

Diebig to Ardglass,
Loch Torridon, - - -

Loch Shieldaig, - - -

Ardheslaig to Kenmore,
Arinachrinachd to Lone- -

bain, _ _ _ _

Applecross to Ugas, -

Kishorn to Kinistin, -

Aird to Strome, - - -

Loch Carron, - _ _

Plockton to Balmacara,
Lochs Duich and Long,
Loch Tlourn and Glenelg, -

Proternish,

Carry forward, -

25

2
1

"i

4

3

1

1

68

15

72

2
19
4

11

17
28
8

7
20

175

10
14
18
10
7

12
30
5

23
15
12
9

22

7
9

462

27
21
19
37
12
55

205

17
29
23
14

7
14

29
19
15
9

22
7

12

7
11

8
9
8
16

9

6
5

10
13
20
13
4

5

602

129 243

8
18
11

7

51
26
32
56
41
63
43
24

387
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APPENDIX D.—No. Wll.—Continued.

CREEKS.

1st

Class,

30

ft.

Keel

and

upwards.

^

2nd

Class,

Z

18

ft.

to

30

ft.

3

Keel.

3rd

Class,

|-

under

18

ft.

Keel.

Number
of

Beam
Trawl
Vessels.

Total
Number

01

xsoats

and
Beam
irawi
Vessels.

Resident
Fisher-
men and
Boys.

Brought Iorward, - 15 129 243 oo7 l,iZ6

Loch Carron and Skye District—continued.

Portree, _ _ _ 4 16 41 61 192
Balameanoch, - - - QO 34 104
Sconser, - - - - A OI01 35 100
Luib to Strolomus, - - 1i 19lA IQ4r OZ
Broadford to Lussay, - - 11 Jo DO ioo
Kylea Kin, _ .. _ QO Qy 7 19 60
Sleat, - - _ - I DZ 81 246
Uig, - - - - - oO z4 1

1 28 80
Snizort, _ - - 1 f\w 1 0 22 73
Lyndale, - - - - 1/ y 26 78
"VVaternish, _ _ _ 1 OIz 12 43
Stein, _ _ - _ 1 o 6 29
Dunvegan, li 0 16 48
Glendale, - - - - ID 15 57
Lochs Bracadale and Brittle, 1

1 .0 Q 15 47
Straithaircl, - r

0 15 20 00
Lochs Slapin and Eyeshort, - Z7 27 82
Bona, Raasay and Scalpa, - 1

1
a
D 00Zv 36 108

Croulin and Soay, 1 6 7 32

Total, - 31 329 602 962 2,915

Fort-Wuham District.

Lochs Nevis and Moror,
Arisaig and Loch Aylort, -

1 12 35 48 98
4 14 18 39

Sumisary to Ockle Point and
Eilean Shona, 12 28 65

Ockle Point to Loch Sunart, 2 12 4 18 54
Loch Sunart and Aline, 3 16 19 38
Loch Eil and Fort-William, 4 40 44 88
Corran, - 4 9 13 26
Loch Leven and Kintallen, 1 18 19 38
Cuil Port Appin and Loch

Creran, - - - 3 8 U 22
Loch Etive and Dunstaff-

nage, - _ - - 6 6 12
Oban, _ _ _ - 20 10 30 48
Lismore, ----- 1 7 8 24
Tobermory, _ _ ._ 2 10 17 00Ztt DO
Lochs Don, Spelve and Buie, 2 10 12 33
Carsaig to Kentra, 3 8 11 28
Lochs Laich and Scriddan, - 2 14 16 32
Ulva, Loch-na-Kiel, and
Tuadh, - - - - 3 4 7 21

Coll, - - - - 3 5 8 24
Tiree, _ _ _ - 4 .54 33 91 273
lona, _ - - - 7 7 14
Muck, Eigg, Rum, and Canna,

"2
8 10 30

Total, - 9 155 289 453 1,072
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APPENDIX D.—No. Ylll.—Continued.

Number of Boats.
Total

XT I-
r«lumber

of Resident
01

Beam Boats Fisher-

CREEKS.

1st

Class,

30

ft.

Keel

a

upwards.

2nd

Class,

18

ft.

to

30

Keel.

3rd

Class

under

18
f

Keel.

1 rawl
Vessels. Beam

Trawl
Vessels.

men and
Boys.

{^CLTYVpoEltOWn IJXStVXCt.

Skipness and Clonaig, - \ 9 OQzy 1 OQlUo
Cour and Grogport, — — 5 4 Qy Q9OZ
Carradale and Torrisdale, - 1 00 0 62 230
Campbeltown, - - - 9Q 171 1

1

"8
219 629

South end of Kintyre, 4 4 8 24
Sanda Island, - - - A 9 6 12
Machrihanishj _ _ — 2 au iO

Ballochantee and Musdale, - A p.o Qy z7

Giglia Island, _ - — 9 9^Lo in oo llo
Jura Island, _ _ _ 9 ^«oo 4U 44
Colonsay Island, — — a0 1 A. 90ZU 04
Portnahaven, Islay, - - O 94. 59Oil /y ZIZ
Portwemyss, Islay, — — io OU to 1 Ofi

Bowmore and Port Charlotte, 20 20 4.0 00
Jrortellen & ± ortasKaig, - 10 4 14 Act4z
Lochgrunard, _ - - 3 5 QO zz

lotai, — — — ^79 91 fi QO l,/o4

InverctTChy JHstvict.

Loch Feochan, - — — qo lU lo ocZo
Luing, _ - _ - q 9QZo AO4o
LiOcn ivieiiort, - -

- 7 7 oo
Loch Craignish, - — — 4 4 0
Crinan, _ - - - Qo

o
O 4

Loch Sweyn, - - - 6 6 8
Loch Kylesport,- •••

e
0 5 5

Tarbert, - - - - 108 19 127 366
Ardrishaig, _ _ _ DO lo 83 216
Lochgilphead, — — — /(I41 A

... 40 1 Anluy
Castleton, - — — — 18 5 Zo oy
Lochgair, — — — — "i 13 4 lo Oiloo
Minard, - - - _ 12 4 16 33
Crarae, _ _ _ _ 7 2 9 18
Furnace, - - - - 8 3 11 26
Kenmore, - - - - 4 2 6 8
Inveraray, - - - - 6 4 10 10
Dunderaw to Newton, 13 5 18 28
Otter to Ardlamont, - 18 7 25 62

1 otai, - - 1 319 132 452 1,072

Rothesay District.

Rothesay, _ _ _ 12 13 27 30
Port Bannatyne and North

Bute, - - - - 1 12 7 20 20
Kyles of Bute, - - - 23 10 33 70
St Ninians, and West Side of

Bute, - - - _ 2 10 6 18 22
Kilchatten and Schoolac, - 3 8 11 12
Roseneath to Toward, 2.5 22 47 80
Lochranza and Caticol,

Pirnmill to Blackwater,
2 21 3 26 50

22 4 26 43
lilackwater to AVhiting Bay, 4 4 8 12
"Whiting Bay to Lamlash, - 4 6 10 15
Brodick and Corrie, - 3 3 6 8

Total, - 5 139 8t> 2 232 362
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APPENDIX D.—No. yill.—Cmitinued.

CREEKS

Number of Boats.

Number
of

Beam
Trawl
Vessels.

Total
Number

of

Boats
and
Beam
Trawl
Vessels.

Resident
Fisher-

illdi cilXU

Boys.

1st

Class,

30

ft.

Keel

and

upwards.

2nd

Class,

18

ft.

to

30

ft.

Keel.

3rd

Class,

under

18

ft.

Keel.

Greenock District.

Gareloch, - - - - 6 12 18 30
Helensbro and Dumbarton,- 4 8 12 20
Glasgow and Paisley, - 4 1 5 14
Port-Glasgow, - - - 8 7 15 20
Greenock, - - - - 4 15 "s 27 52
Gourock, - - - - 1 6 1 8 12
Inverkip, - - - - 5 5 8
Largs, _ - _ - i 4 20 1 26 50
Fairlie, - - _ _ 4 4 6
Cumbraes,- - _ _ 5 10- 15 24
Portincross, _ _ _ 4 6 10 19
Ardrossan, _ _ _ 2 2 4
Saltcoats, - - - - 36 6

"5
47 85

Irvine, _ - _ - i 24 2 27 53
Troon, _ _ _ _ 18 2 20 15

Total, - 2 114 109 16 241 412

Ballantrae District.

Annan, - _ _ _ 10 45 55 94
Powfoot, &C., - - - 24
Carsetlibrn, _ _ _ "5 "5

14
Kirkcudbright, &c., - 10 10 12
Garlieston, _ _ _ 4 14 18 16
Whitehorn Isle, - 16 16 16
Port William, - - - 36 36 30
Glenluce, — — — — 4 9 13 26
Sandhead, - - - - 1 20 21 24
Drumore, - - - - 8 4 12 34
Portlogan, — — 9 0y 14
Portpatrick, _ _ _ 3 24 27 62
Stewarton, &c., - - - 1 12 13 20
Stranraer, - - - - "i 15 15 31 56
Cairnryan,- _ _ _ 2 6 8 26
Ballantrae, _ _ _ 80 10 40 84
Carleton, &c., - - _ i 12 4 17 44
Girvan, - - _ _ 3 56 4 63 150
Maidens, - - - - 18 16 34 55
Dunure, - _ _ 40 15 55 70
Ayr, - - - - 16 16 "i 33 50

Total, - 5 210 255 46 516 921

DUGALD GRAHAM, Secretary.

Fishery Board for Scotland,

Edinburgh, 31st Dec. 1890.
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APPENDIX E.—No. II.

SCOTTISH WATERS CLOSED AGAINST BEAM AND OTTER
TRAWLING.— Sections of Acts of Parliament bearing thereon, and
Bye-Laws made by Fishery Board for Scotland under powers con-

ferred upon them by said Acts.

The following is the Section of the Sea Fisheries (Scotland)

Amendment Act, 1885, relating to trawling in Scottish territorial

waters :

—

4. When the Fishery Board for Scotland, hereinafter called the Fishery
Board, are satisfied that any mode of fishing in any part of the sea adjoining

Scotland, and within the exclusive fishery limits of the British Islands, is

injurious to any kind of sea fishing within that part, or where it appears to the

Fishery Board desirable to make experiments or observations with the view of

ascertaining whether any particular mode of fishing is injurious, or for the

purposes of fish culture or e>;periments in fish culture, the Fishery Board may
make Bye-Laws for restricting or prohibiting, either entirely or subject to suclfi

regulations as may be provided by the Bye-Law, any method of fishing for sea

fish within the said part, during such time or times as they think fit, and
may from time to time make Bye-Laws for altering or revoking any such Bye-
Laws.
A Bye-Law under this Act shall not be of any validity until it is confirmed

by the Secretary for Scotland.

A Bye-Law shall not be confirmed until the expiration of one month after

notice of the intention to apply for its confirmation has been given by the
Fishery Board by advertisement in one or more newspapers circulating in the

county or counties adjoining the part of the sea to which such Bye-Law applies.

The Secretary for Scotland shall allow any person to make a representation

for his interest against the confirmation of any Bye-Law, on a notice of objection

being given by such person to the Fishery Board within the said period of one
month, and may, if he see fit, allow parties to be heard thereon.

Every Bye-Law when confirmed shall be published in the Edinburgh
Gazette, and in such furtlier mode as the Secretary for Scotland may direct.

A copy of the Edinburgh Gazette containing a Bye-Law shall be evidence

in all legal proceedings until the contrary is proved of the due making,
confirmation, and existence of such Bye-Law, without further or other proof.

Any person contravening a Bye-Law duly confirmed shall be guilty of an
oft'ence under the Sea Fisheries Act, 1883, and shall be liable on summary
conviction to a tine not exceeding £100 ; and failing immediate payment
of the fine, to imprisonment for a period not exceeding sixty days, without
prejudice to diligence by poinding or arrestment, if no imprisonment has
followed on the conviction.

The Bye-Laws made by the Fishery Board for Scotland, under the fore-

going vSection of the said Act, and which are now in force, are as

follow :

—

Bye-Law (No. 2) made by the Fishery Board for Scotland, under the

powers conferred on the Board by the Sea Fisheries (Scotland)

Amendment Act, 1885.

1. This Bye-Law shall extend and apply to that part of the sea inside of

a line drawn from the Ord of Caithness, along the coast at a distance of three

miles to a point opposite Brora, thence to Tarbet Ness Lighthouse, thence along

the coast at a distance of three miles to a point opposite Balintore, thence to a

point a mile west of the mouth of the Findhorn River, and thence along the

coast at a distance of three miles to a point due north magnetic from Kinnaird-

head Lighthouse.
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II. Within the foresaid limits, no person, unless in the service of the

Fishery Board for Scotland, shall at any time from the date when this Bye-

Law conies into force, use any beam trawl for taking sea fish ; and the Master

or the person actually in command of any vessel acting in contravention of this

Bye-Law shall, on conviction, be liable to a fine not exceeding ,£100 ; and
failing immediate payment of the fine, to imprisonment for a period not

exceeding sixty days, without prejudice to diligence by poinding or imprison-

ment, if no imprisonment has followed on the conviction, all in terms of the

said Act.

III. This Bye-Law shall come into force on Monday the 4th of July next.

By Order,

DUGALD GRAHAM, Secretary.

Dated at Edinburgh this 18th day of April 1887.

The foregoing Bye-Law having been submitted to me, in pursuance of the

4th Section of the Sea Fisheries (Scotland) Amendment Act, 1885, I hereby
confirm the same.

LOTHIAN,
Her Majesty's Secretary for (l.s. \

Scotland. V—

/

Dated at the Office of the Secretary for

Scotland, Dover House, Whitehall,
this 27th day of June 1887.

Bye-Law (No. 3) made by the Fishery Board for Scotland, under the

powers conferred on the Board by the Sea Fisheries (Scotland)

Amendment Act, 1885.

I. The Bye-Law dated 1st February 1886, and confirmed by the Secretary

for Scotland 5th April 1886, is hereby revoked.

II. This Bye-Law shall extend and apply to (1) the Firth of Forth, inside

or to the west of a straight line drawn from Tantallon Castle on the south shore

of the Firth to the Lighthouse on the Isle of May, and thence to Fifeness
; (2)

that part of the Coast, including St Andrews Bay and the Firth of Tay, which
lies inside or to the west of a straight line drawn from Fifeness to the Fairway
Buoy at the mouth of the Tay, and thence at a distance of three miles along
the coast to a point three miles due east magnetic from Red Head in Forfar-

shire.

III. Within the foresaid limits, no person, unless in the service of the
Fishery Board for Scotland, shall at any time from the date when this Bye-Law
comes into force, use any beam trawl for taking sea fish ; and the Master or the
person actually in command of any vessel acting in contravention of this Bye-
Law shall, on conviction, be liable to a fine not exceeding ^100 ; and failing

immediate payment of the fine, to imprisonment for a period not exceeding
sixty days, without prejudice to diligence by poinding or imprisonment, if no
imprisonment has followed on the conviction, all in terms of the said Act.

IV. This Bye-Law shall come into force on Monday the 4th of July next.

By Order,

DUGALD GRAHAM, Secretary.

Dated at Edinburgh this 25th day of April 1887.

The foregoing Bye-Law having been submitted to me, in pursuance of

the 4th Section of the Sea Fisheries (Scotland) Amendment Act, *I 885, I

liereby confirm the same.

LOTHIAN,
Her Majesty's Secretary for C^-^-y

Scotland.

Dated at the Office of the Secretary for

Scotland, Dover House, Whitehall,
this 27th day of June 1887.
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Bye-Law (No. 5) made by the Fishery Board for Scotland, under the
powers conferred on the Board by the Sea Fisheries (Scotland)

Amendment Act, 1885.

I. This Bye-Law shall extend and apply to that part of the sea inside of

a line beginning at a point three miles east (magnetic) of Bed Head, in

Forfarshire, and extending along the coast at a distance of three miles from
low-water mark, to a point three miles north (magnetic) of Kinnairdhead
Lighthouse.

II. Within the foresaid limits, no person, unless in the service or by the

orders of the Fishery Board for Scotland, shall at any time, from the date
when this Bye-Law comes into force, use any Beam Trawl for taking sea fish

;

and the Master or the person actually in command of any vessel acting in

contravention of this Bye-Law shall, on conviction, be liable to a fine not
exceeding X'lOO ; and failing immediate payment of the fine, to imprisonment
for a period not exceeding sixty days, without prejudice to diligence by
poinding or imprisonment, if no imprisonment has followed on the conviction,

all in terms of the said Act.

III. This Bye-Law shall come into force on Thursday the 28th February
1889.

By Order,

DUGALD GRAHAM, Secretary.

Dated at Edinburgh this 18th day of December 1888.

The foregoing Bye-Law having been submitted to me, in pursuance of

the 4th Section of the Sea Fisheries (Scotland) Amendment Act, 1885, I hereby
confirm the same.

LOTHIAN,
Her Majesty's Secretary for ( l.s. ,

Scotland. V_y
Office of the Secretary for Scotland,

Whitehall, 27th February 1889.

The Sections of the Herring Fishery (Scotland) Act, 1889, which re-

late to trawling, are as follow :

—

6.—(1.) It shall not be lawful to use the method of fishing known as beam
trawling or otter trawling within three miles of low-water mark of any part of

the coast of Scotland, nor within the waters specified in the schedule hereto

annexed, save only between such points on the coast or within such other
defined areas as may from time to time be permitted by Bye-Laws of the Fishery
Board for Scotland, and subject to any conditions or regulations made by those

Bye-Laws. Provided that this section shall not apply to the Solway Firth nor
to the Pentland Firth ; and provided also, that nothing herein contained shall

aft'ect the powers of the Fishery Board under Section 4 of the Sea Fisheries

(Scotland) Amendment Act, 1885.

(2.) The Fishery Board may from time to time make, alter, and revoke Bye-
Laws for the purposes of this section, bat a Bye-Law shall not be of any validity

until it is confirmed by the Secretary for Scotland.

(.3.) Any person who uses any method of fishing in contravention of this

enactment or of any Bye-Law of the Fishery Board, shall be liable, on conviction

under the Summary Jurisdiction (Scotland) Acts, to a fine not exceeding five

pounds for the first off'ence, and not exceeding twenty pounds for the second
or any subsequent oft'ence ; and every net set, or attempted to be set, in

contravention of this section shall be forfeited, and may be seized and destroyed
or otherwise disposed of by any superintendent of the herring fishery or other

officers employed in the execution of the Herring Fishery (Scotland) Acts.

7.—(1.) The Fishery Board may, by Bye-Law or Bye-Laws, direct that the

methods of fishing known as beam trawling and otter trawling shall not be
used within a line drawn from Duncansby Head, in Caithness, to Rattray
Point, in Aberdeenshire, in any area or areas to be defined in such Bye-Law,
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and may from time to time make, alter, and revoke Bye-Laws for the purposes

of this section, but no such Bye-Law shall be of any validity until it has been

confirmed by the Secretary for Scotland.

(2.) Any person who uses any such method of fishing in contravention oi

any such Bye-Law shall be liable, on conviction under the Summary Jurisdiction

(Scotland) Acts, to a fine not exceeding five pounds for the first offence, and
not exceeding twenty pounds for the second or any subsequent offence ; and
every net set, or attempted to be set, in contravention of any such Bye-Law may
be seized and destroyed or otherwise disposed of as in the 6th Section of this

Act mentioned.
8. It shall not be lawful to land or to sell in Scotland any fish caught in

contravention of this Act, or of any Bye-Law made thereunder, and all superin-

tendents and other officers employed in the execution of the Herring Fishery

(Scotland) Acts are hereby empowered and required to prevent the landing or

sale of any fish so caught.

SCHEDULE.

Wigtown Bay, within a line drawn from Great Koss Point, near Little Ross
Lighthouse, on the east to Isle of Whithorn on the west.

Luce Bay, within a line drawn from a point near Port William on the east

to Killyness Point, near Drummore, on the w^est.

Loch-in-dail, within a line drawn from Rudha na Cathair (Mull of Oe) on
the south to the Rhynns, near Rhynns of Islay Lighthouse, on the north.

Loch Snizort, within a line drawn from Vatternish Point on the west to

Dunlea on the east.

Broad Bay, within a line drawn from Tolsta Head on the north to Tiumpan
Head on the south.

Stornoway Bay, within a line drawn from Kebock Head on the south to

Bayble Head on the north.

Thurso Bay, within a line drawn from Brimsness on the west to Dunnet
Head on the east.

Sinclair Bay, within a line drawn from Noss Head on the south to Duncansby
Head on the north.

Scapa Bay, within a line drawn from St Mary's Point on the east to Houton
Heads on the west.

St Magnus Bay, within a line drawn from Esha Ness on the north to a point
near Sandness on the south.

The waters inside a line drawn from Corsewall Point, in the county of
Wigtown, to the Mull of Cantyre, in the county of Argyll.

The waters inside a line from Port Askadel, near Ardnamurchan Point, on
the west to Ru-Cisteach, near Arasaig, on the east.

The waters inside a line from Ru-geur, Slate Point, on the south to a point
near Ru-an-dunan on the north.

The waters inside a line from Ru-na-uag, Loch Torridon, on the south to a
point at Long Island, Gareloch, on the north.

The waters outside Loch Tarbert, Harris, from Toe Head on the south to
Camus-Huisnisli on the north.

East and west Loch Roag, from Gallon Head on the west to Coul point on
the east.

The waters inside a line from Greenstone Point on the west to a point near
Meal-Sgreaton, Ru-Cooygach, on the east.

The waters inside a line from Ru-Stoer on the west to a point at Scourie
Bay on the east.

Dornoch Firth,

Fraserburgh Bay,
Montrose Bay,
Moray Firth (upper parts of), \- All as specified in the existing Bve-Laws of
Aberdeen Bay, the Fishery Board.
St Andrews Bay,
Firth of Forth,
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Section 3 of the Herring Fishery (Scotland) Act Amendment Act, 1890,

amending foregoing Act :

—

3. The 3rd Sub-section of the 6th Section of the Herring Fishery (Scotland)

Act, 1889, is hereby repealed, and in j^lace thereof the following provision

shall have effect :

—

Any person who uses any method of fishing in contravention of the 6th
Section of the Herring Fishery (Scotland) Act, 1889, or of any Bye-Law of the

Fishery Board duly confirmed, shall be liable, on conviction under the

Summary Jurisdiction (Scotland) Acts, to a fine not exceeding £100 ; and
failing immediate payment of the fine, to imprisonment for a period not
exceeding sixty days, without prejudice to diligence by poinding or arrestment,

if no imprisonment has followed on the conviction ; and every net set, or

attempted to be set, in contravention of this section shall be forfeited, and may
be seized and destroyed or otherwise disposed of by any superintendent of

the herring fishery or other officer employed in the execution of the Herring
Fishery (Scotland) Acts.

The Bye-Laws made by the Fishery Board for Scotland, under the powers
conferred upon them by the Herring Fishery (Scotland) Act, 1889,

and now in force, are as follow :

—

Bye-Law (No. 6) made by the Fishery Board for Scotland, under the
powers conferred on the Board by the Sea Fisheries (Scotland)

Amendment Act, 1885, and the Herring Fishery (Scotland) Act,

1889.

L This Bye-Law shall extend and apply to the waters inside of a line

drawn from Garroch Head, Island of Bute, to Gull Point, Little Cumbrae,
and thence to Portincross Castle on the Ayrshire Coast, and a line drawn from
Colintraive Hotel, Argyleshire, to a point due south (magnetic) on the Island

of Bute.

II. From and after the date when this Bye-Law shall come into force

until the 30th April 1890 inclusive, and thereafter from the 1st of August to

the 30th of April, both inclusive, annually, it shall be lawful, within the said

limits, to fish by means of a beam trawl, provided the boat from which the
same is used is a sailing vessel of not more than eight tons burden.

III. This Bye-Law shall come into force from the date of its confirmation
by the Secretary for Scotland,

By Order,

DUGALD GRAHAM, Secretary.

Dated at Edinburgh this 24th day of September 1889.

The foregoing Bye-Law having been submitted to me, in pursuance of

Section 6, Sub-section 2, of the Herring Fishery (Scotland) Act, 1889, 1 hereby
confirm the same.

LOTHIAN,
Her Majesty's Secretary for ( l.s.

j
Scotland. —^

Office of the Secretary for Scotland,

Whitehall, 26th November 1889.

Bye-Law (No. 7) made by the Fishery Board for Scotland, under the
powers conferred on the Board by the Sea Fisheries (Scotland)

Amendment Act, 1885, and the Herring Fishery (Scotland) Act,

1889.

I. Whereas, by the Act 52 and 53 Vict. cap. 23, section 6, Beam and
Trawling have been prohibited within certain limits therein specified, save

only between such points on the coast or within such other defined areas
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as may from time to time be permitted by Bye-Laws of the Fishery Board
for Scotland, and subject to any conditions or regulations made by those

Bye-Laws, but it is provided that the said Section (6) shall not apply to the

Solway Firth nor to the Pentland Firth ; and whereas it is expedient that

the experiments and observations heretofore conducted by the Fishery Board
for Scotland should be continued, therefore it is hereby declared that any
person m the service or possessing the written authority of the said Fishery

Board, under the hand of the Secretary thereof, may lawfully use, and is

hereby permitted to use, when employed in connection with the experiments

and observations aforesaid, or other scientific purposes, the method of fishing

known as Beam Trawling or Otter Trawling within three miles of low-water

mark of any part of the coast of Scotland to which the said Section (6) of the

said Act applies, and within the waters specified in the Schedule annexed to

the said Act.

II. This Bye-Law shall come into force from and after the date of its

confirmation by the Secretary for Scotland.

Dated at Edinburgh this 20th day of December 1889.

The foregoing Bye-Law having been submitted to me, in pursuance of

Section 6, Sub-section 2, of the Herring Fishery (Scotland) Act, 1889, I

hereby confirm the same.

Office of the Secretary for Scotland,

Whitehall, 27th January 1890.

Bye-Law (No. 8) made by the Fishery Board for Scotland, under the

powers conferred on the Board by the Sea Fisheries (Scotland)
Amendment Act, 1885, the Herring Fishery (Scotland) Act, 1889,
and the Herring Fishery (Scotland) Act Amendment Act, 1890.

I. Whereas, by the Act 52 and 53 Vict. cap. 23, being the aforesaid

Herring Fishery (Scotland) Act, 1889, it is enacted that the Fishery Board
lor Scotland may by Bye-Law or Bye-Laws direct that the method oi fishing

known as beam trawling, or otter trawling, shall not be used within a line

drawn from Duncansby Head, in Caithness, to Rattray Point, in Aberdeenshire,
in any area or areas to be defined ' in such Bye-Law,' it is hereby declared that
the area to which the foregoing provision shall apply is the portion of the
waters above specified, inside of a straight line drawn from the Ord of Caithness
to Craighead, near Buckie.

II. Within the aforesaid area, as above defined, no person, unless in the
service or possessing the written authority of the said Fishery Board lor

Scotland, under the hand of the Secretary thereof, shall at any time, from the
date when this Bye-Law shall come into force, use any beam trawl or otter

trawl for taking sea-fish ; and any person acting in contravention of this Bye-
Law, shall be liable, on conviction under the Summary Jurisdiction (Scot-

land) Acts, to a fine not exceeding ,£100 ; and failing immediate payment
of the fine, to imprisonment for a period not exceeding sixty days, with-
out prejudice to diligence by poinding or arrestment, if no imprisonment has
followed on the conviction ; and every net set, or attempted to be set, in con-
travention of the said Bye-Law, shall be forfeited, and may be seized and
destroyed, or otherwise disposed of by any superintendent of the herring fishery

or other officer employed in the execution of the Herring Fishery (Scotland)

Acts, all in terms of the said Acts,

By Order,

DUGALD GRAHAM, Secretary,

LOTHIAN,
Her Majesty's Secretary for

Scotland.
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III. This Bye-Law shall come into force from and after the date of its

confirmation by the Secretary for Scotland.

By Order,

DUGALD GRAHAM, Secretary

Dated at Edinburgh this 19th day of July 1890.

The foregoing Bye-Law having been submitted to me, in pursuance of

Section 6, Sub-section 2, of the Herring Fishery (Scotland) Act, 1889, I hereby
confirm the same.

LOTHIAN,
Her Majesty's Secretary for ( ls.

Scotland.

Office of the Secretary for Scotland,

Whitehall, 19th November 1890.
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APPENDIX a

SALT FOR CURING.

Formerly in the Dutch fisheries certain salts were deemed more
suitable for curing than others. Thus in the Dutch regulations we find

various directions, which are partly prohibitive from, political considera-

tions, and partly on account of quality.

9. ' Any person who cures herrings with French salt, from St Martins,
* Olderdame, Borea, Browart, the South of France, the West Indies, or
' Isle of May, shall forfeit the herrings '—this seems wholly political.

10. ' No Spanish or Portugal salt shall be put in casks before the
* cure-master has examined it, on penalty of 25 guilders for every hundred
' weight ; nor shall they carry to sea any other but the above for the
' herring fishery, and that to be twice examined by the cure-master, who
' must open each barrel before it is shipped, and stamp them with his
' mark ; in case of failure, the master to forfeit 36 guilders.'

11. ' Full barrels are to be salted in no less a proportion than four
' barrels of salt to every last, or twelve barrels of herrings.'

15. ' Herrings taken after July 26, and salted with fine salt, may be ex-
* ported as wrack westward ; the barrel to be bound with sixteen hoops,
* having the date of the year on the belly, and mark of the purchaser
' thereon.'

16. ' Herrings taken after August 24, and Bartholomew tide, may he

' salted loithfine salt, boiled with sea water, according to agreement with
* the City of Cologn.'

Again, we are told :

—
' When they set out, the vessels are full

' of casks, one part of which is filled with salt sufficient to fill the whole
* cargo. This is always foreign salt, either bay salt or St Ubes. No
' British salt has strength to cure the fat herrings caught here (Shetland)
' in summer.' The term strength is here applied erroneously; but the

fact remains that a special salt was required for a special purpose.

The superiority of the Dutch herrings last century was ascribed, among
other reasons

—

5. * To their being cured with refined salt, which is prepared expressly
' for the purpose, by being cleared of bittern, and all that putrescent
* matter, which tends to corrupt, in place of preserving the fish. I am
' told that even the salt from France, Spain, Portugal, <fec., is refined in
' Holland before it is used for the curing of herrings.'

But all restrictions of this kind have long been removed, so that
curers at present make use of whatever salt they find most convenient,

or to which they have a more particular fancy. During the inspection

of cured herring on the Continent, the deputation came to the con-

clusion that the question of the character of the salt employed was of

vital importance. It was also clear that no proper reliable principles

actuated the curers in their choice of salt, or in the mode and extent of

their application of it. This was natural enough, as the consumers
differed greatly in their views of what was wanted, not only as to the
quantity of salt and its character, but as to the mode of its application.

The Board had so far expressed an opinion as to the quantity of salt

necessary ; but this was a purely empirical opinion, based on rule of

thumb, and we considered it advisable that a more exact and reliable

guide for curers and officers ought to be provided, if this could safely

or readily be done. The difficulty of providing a reliable rule of an em-
pirical character may be best understood by a statement of fact. Taking
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ten samples bulk for bulk, dried to the same extent, they were found to

vary in weight from 389 to 571. This was not wholly dependent upon
the size of crystals, although this also would naturally have an influence

;

but the various salts when so far dried retained different proportions of

water of crystallisation. Then it must be understood, that when thus
dried they were not necessarily in their normal condition in the ordinary

humid atmosphere of this country. Some are much more deliquescent

than others, so that the same weight under ordinary conditions would
not have the same curative power, but be much less valuable for the

purpose desired. Others dissolve much more completely, and leave no
layer of large crystals as an evidence of their presence. Some have
retained more insoluble matter during the process of evaporation or

purification. All these matters afl'ect the result of the application of

any given salt to the contents of a barrel, or for use with dried salted

fish. On the other hand, when brine of a given standard is supplied to

fill up a barrel, although roughly speaking it may be up to standard,

there is no doubt a difference also in curative effect between the

different solutions to the same standard. For we do not know for certain

the comparative influence of the different salts on animal matter, and it

may be necessary to examine further whether chloride of magnesium
(say)—that would aid in producing the rough standard necessary to float

an egg or a potato—would aid in the process of preservation ; or what
special influence it may have on the article treated. It will, therefore, be
seen that while the quantity of salt used may be steady, the results may
be most unstable owing to

—

Large crystals, being filled with water of crystallisation, and conse-

quently occupying greater space for really less curative power.

Foreign mattpr, not only weakening the influence of the salt by so

much quantity, but w^hen of a nitrogenous character causing putrefaction,

as in dried cod.

Deliquescence.—When extreme, such deliquescent salts have lost

strength for weight or bulk to the extent of the water absorbed.

SolnhiJity.—The readiness with which certain salts dissolve may cause

the pickle to clear off soon, and so leave the barrels, that are at all ready

to leak, without any preservative agent. Whereas the larger crystals of

less deliquescent salts would remain to keep up the preservative action.

Besides these, there are other considerations, such as those of sentiment

or fashion, or fancy among the purchasers. Thus, in some parts of the

Continent they do not like to see the salt at all on the herring, the large

undissolved crystals when in quantity being considered objectionable.

Yet the barrels containing these may not be really so much cured as

others with no sign of crystals. Again, other purchasers prefer to see

large fine crystals on the lower layers, as a sign that the bulk of the

barrel is suflficiently cured, i.e.^ with a saturated solution, or these

crystals would have dissolved. This is not necessarily the case ; but we
are dealing with opinions more than with facts in this connection. We
do not consider it within the province of the Board to decide on the

relative merits of different salts, but we think it well to place before the

trade a series of analyses, wuth a few general principles deduced, whence
the several curers can better judge of the effect of the several salts upon
their produce for the different markets. Our object is, if possible, to

introduce some scientific certitude into the subject, and remove it beyond
the sphere of empiricism in which it at present rests.

In papers by Professor Ewart and Dr Edington in our Sixth Report, it

was noted that ' red cod ' was produced by fungoid growths on the salted

fish. In America this growth was also found on board the fishing vessels,

and Dr Farlow ascribes its appearance there to the Cadiz salt employed.
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This salt is slightly rose tinted, and microscopic examination showed this

colour to be owing to the presence of considerable numbers of Clathro-

cystis—the fungus in question. In red cod from Lerwick, ' Dr Edington
* shows that while several forms of bacteria and micrococci are present,

* the production of the red colour is to be ascribed to the presence of a
' special and new form which he names Bacillus rubescens, and which also

' existed in the salt used for curing.' The fact that similar fungi were

abundant in the neighbouring marshes in the United States, and that

another—a Sarcina— ' was fomid growing in the mud of salt marshes
* near Copenhagen,' points to the reason for their presence in salt obtained

from the sea by evaporation in ponds.

These salts seem to have always been preferred for the curing of

herring, thus :
—

' The Dutch formerly used salt from Spain or Portugal,
' and it was considered that their salt would cure the fat summer herring
' when the British salt would not.' The principal characteristics chemi-

cally of these salts is their great hygroscopicity owing to magnesic and
calcic salts—as may be seen in Nos 9 and 10 of Table 1. The absence

of these may be the reason why ' common salt leaves a bitter smatch on
* all food cured with it after being long kept.' Again, ' all the manu-
' factured white edible salts impart a bitter taste to meats and fish cured
' by them, particularly if the same are to be kept many months. This is

* the reason why bay salt is so much used in part along with the common
' salt, and if bay salt was less expensive it would be universall}^ used, and
' alone.' Of late bay salt has really been much cheaper than British salts,

and curers will have to reconsider the above decision. The last quotation

may possibly give us an insight into the cause for the preference for

these salts which do not leave the ' bitter smatch ' on the food treated

with them. The presence of chloride of magnesium may have this

softening influence, by becoming magnesia and counteracting the sub-acid

taste of chloride of sodium itself. This result could probably be obtained

quite as well by mixing the pickling brine with a little magnesia or other

addition. The ' bitter smatch ' would then be removed, and the organisms
that seem to accompany the sea salts would be eliminated from such a

pickle. This ' softness,' however, is not the only advantage these salts

seem to possess for certain purposes, and we must look to the extreme
deliquescence, caused mainly by the presence of the chlorides of magnesium
and calcium, as the reason for their rapid action—as in the case of the
' fat summer herring,' which is not curable by Liverpool or slow-working
salts. But, on the other hand, they do not keep well, or for any length of

time.

From an examination of Table L it is observable that the Peninsular
salts (presumably evaporated sea salts) have a large percentage of in-

soluble matter, including possible fungoid growths as in the Cadiz salts.

Then the quantity of moisture in these salts, while weakening them
apparently as curing salts, may not really do so in practice.

It is observable that the common Cleveland salts, Nos. 2, 3, and 4,

Table I., have least impurities, least moisture, no magnesic or calcic

chlorides, and only a small percentage of insoluble sulphates. Yet it is

these common salts that leave the ' bitter smatch ' complained of in

meats cured by them. The other special salts (first and second fishery),

Nos. 5 and 6, Table I., have the magnesic salts replaced by calcic chloride,

an equally deliquescent salt.

We cannot see how the presence of a quantity of large undissolved
crystals can aid in the cure of a barrel of herring. Their only value
must lie in their utility should the barrel be long kept and the brine
escape, when they may continue to dissolve and take the place of the
brine that has gone, more especially if refilled with weak pickle. This
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would not, however, prevent the fish being 'rusted.' But if a barrel

of herrings is just sufficiently salted, there should really be no residue

of undissolved crystals
;
while, if certain salts are used, should any such

salt remain undissolved, it must only be because the moisture in the

barrel (including that in the fish) is super-saturated; or because the
salt has not been properly distributed, and the excess from one part

cannot reach the deficient portion in a tightly packed barrel.

When a salt is very deliquescent and yet not very soluble (as may
happen) the curing effect may be very much less than appears super-

ficially. Thus the salts that deliquesce may not cure—or cure quickly
for early consumpt only—while those that cure may be in hard in-

soluble crystals that take long to act.

Table.

Crystals. Colour,
Weight per

Bulk.

1. Middlesborough, . Middling size. Yellowish. 532
2. Second fishery, Large crystals. Pure white. 432
3. „ ... Mixed—larger than 1, White. 486
4. Common salt, Small crystals. Dullish coloured. 389
5. Liverpool, First fishery, Large crystals. Dullish coloured. 486
6. „ Second ,,

Large crystals. White. 525
7. „ .... Larger crystals. White. 554
8. Lisbon, .... Very large crystals Yellowish. 568
9. Spanish, .... Small crystals. Not very pure. 515

10. St Ubes, .... Very large crystals. Pure white. 571

From this it is evident that, although the very large crystals prevented

the spaces being as completely filled as the fiuer-grained salt permitted,

yet the weight per bulk was greater. Small-grained common salt (No.

4) was the lightest of all, and yet the measure was most completely

filled. All were dried to the same practical extent. No reliable

deduction can be made from this Table, except that measure is no test

of weight. Even size of crystals is not the test, as in Nos. 1 and 2,

where the larger crystals weigh less than the smaller. Composition,

moisture, and crystallisation all require to be considered.

W. ANDEKSON SMITH.
8^^ April 1891.

Table I.

Nos. 1. Second fishery, Middlesborough.
2. Common salt, „
3. Middlesborough salt.

4.

5. First fishery salt, Liverpool.

Nos. 6. Second fishery salt, Liverpool.

7. Liverpool salt.

8. Lisbon salt.

9. Spanish salt.

10. St Ubes.

1 2 3 4 5 6 7 8 9
10

Common salt,

.

97-75 98-01 98-58 97-78 96-51 96*67 96-13 94-43 88-80 90-09

Impurities, 2-25 1^99 1-42 2-22 3-49 3-33 3-87 5-57 11-20 9-91

100 100 100 100 100 100 100 100 100 100

Impurities consist

of—
Calcic sulphate, .

•29 •56 •12 -67 •68 •77 •84 1-26 •70 •85

Sodic suphate, •14 •30 •26 •32 •05 •16

Magnesic sulphate,
'•81

i'-85 1^63

Magnesic chloride, •02 1-35

Calcic chloride,
'•16 '-24

Moisture, i-65 i-io •95 I'ib 2-45 2-15 2-85 3-20 7-io ^'•90

Insoluble matter,

.

•17 •03 •09 •08 •20 •17 •13 •28 -20 •37





J
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Table II.

Deliquescence of samples of fishery salt sifted to similar fineness, and

exposed, after drying, to a moist atmosphere in a closed chamber at

ordinary temperature of laboratory, viz., 54° F.

Sample.

Moisture gained by 100 grams salt in

1 day. 2 days. 3 days. 5 days.

Nos. 1 2-38 2-64 4-98 8-38

2 1-71 2-83 5-40 12 03
3 2-72 4-29 7-77 15-95

4 2-83 3-23 5-56 11-43

5 3-53 6-76 7-58 11-68

6 3-01 5-41 4-80 5-92

7 2-00 2-26 2-52 2-57

8 6-97 7-69 12-24 16-42

9 13-40 20-16 25-02 32-18

10 9-34 13-53 16-21 19-81

The daily increase (or otherwise) in the weight of 100 grams is better

seen on the accompanying chart where they are plotted down as curves.

The deliquescence of 2, 3, and 4 somewhat increases, while that of the
others somewhat diminishes, in intensity with the time. The irregu-

larities found in some of the curves are confirmed by duplicate tests.

They are probably due to some peculiarity in the impurities, and
deserve further study. The pauses may refer to definite states of

hydratation of the impurities. No. 6 is the most difficult to understand.
On each occasion that the experiment was made it lost moisture during
the 3rd day, and regained it slowly thereafter.

Table III.

Weight of salts deposited by 100 grams of solutions of salt samples
(saturated solutions at 54° F. or 12° "2 C.) when dried at 95° C.

Also the specific gravity of solutions saturated at 54° F.

No. Weight of Deposit. Specific Gravity,

1 26-52 1-2059
2 26-37 1-2096
3 26-43 1-2055
4 26-59 1-2074
5 26-56 1-2067
6 26-66 1-2069
7 26-46 1-2061
8 ?6-71 1 -2082
9 27-08 1-2114
10 26-76 1-2074

A. P. AITKEN.
mh April 1891.
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APPENDIX H.

LOANS TO FISHERMEN.—STATEMENT showing the Number of Loans

CARRIED OUT in each Crofting Fishery District, the Amount paid over,

and the Total Repayments since the Crofters Holdings (Scotland) Act,

1886, came into operation, to 31st December 1890, together with the Number
and Amount of Loans in Aerear.

Total
No. of

Amount advanced as

Loans,
Total

Repayments
to 31st Dec.

1890.

An'ears.

DISTRICTS. Loans
carried

out.
To 31st Dec.

1889.

To 31st Dec.
1890.

No. of

Loans.
Amount.

Cromarty, 2
£ s.

303 10
d.

0
£

303
s.

10
d.

0
£ s. d.

61 11 5 1

£ s.

12 15
d.

1

Helmsdale, . 9 1,269 0 0 1,519 0 0 238 10 5 8 199 1 3

Lybster, 7 907 0 0 967 0 0 267 4 11 5 88 18 6

Wick, . 72 7,096 1 6 9,852 1 6 2,462 19 6 43 1,139 15 6

Orkney, . 6 635 0 0 635 0 0 208 18 7

Shetland, 20 1,816 18 « 1,861 18 0 539 16 4 9 230 5 3

Stomoway, . 97 6,526 11 9 11,615 11 9 1,569 8 5 67 913 6 8

Barra, . 20 1,604 16

:

1,887 16 4 456 18 0 10 254 12 7

Loch Broom, . 8 767 9 767 9 0 154 11 11 7 214 16 11

Fort William, 1 34 0 0 4 16 11

Totals, 242* 20,926 6 7| 29,443 6 7* 5,964 16 5* 150 3,053 11 9

* In four cases of loans the boats mortgaged in security were seized by the Board for non-payment
of anears and sold to other crews, the price being paid partly in cash and partly by fresh mortgages.

DUGALD GRAHAM, Secretary.

Fishery Board for Scotland,

Edinburgh, 31st December 1890.

EDINBURGH : PRINTED BY NEILL AND COMPANY

FOB HER majesty's STATIONERY OFFICE. :
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—

li Svo. VoLL 1820-1823. 1888. Vol. IL 1823-1831. 1889. Price 10s. each,

ger, H.M.S. A Report on the Scientific Results of the Voyage of,_during the years

re, under the command of Captain George S. Nares, R.N., F.R.S., and Captain

Tourle Thomson, R.N. Prepared under the superintendence of the late Sir C.

^lie Thomson, Knt., F.R.S.; and now of John Murray, Ph.D., V.P.R.S.E.

Report is now nearly complete, 38 volumes having already been issued,

lost recent issues are as follows :

—

rsics AND Chemistry.- Vol % IV.,,V.,., VIi, and VIL 614 pp. 3 plates.

maps. • - - Price 52s. 6d.

)LOGY. Vol. 32. Price 25s. :—Comprising Part LXXX., Antipatharia, Price 14s.;

LXXXL, Supplementary Report on the Alcyonaria, Price 4s. 6d.; and Part

11. f Keratosa, Price 6s. 6^. 426 ^p.^_29 plates.

Duties. A Series of Lectures for the use of Officers of the Staff College. 8vo.

pp. 16 plates. Cloth. J

Duties in the FiE:pD. A studjy of the operations of a British Army Corps and a

Fairy Division, from the point of view of the general staff. After the German of

ior Cardinal Von. Widdenu By Captain J. M. Grierson, M.A.,
by Lieut.-General H. Brackenbury, C.B. Two Maps and Five

D.A.A.G., with
Sketches. 8vo.

Price 3s.

Drill.

Price Sd.

Firing Exercise.

Aimingsine Rifle. Care of Awns and Ammunition. Firing Exercise,

led with Army Order, 1st February 1891.) 56 pp. Plates.

-Henry Rifle and Carbine. Care of Arms and Ammunition,
ig Drill. (Issued with Army Order, 1st February 1591.) 34 pp. Plates. Price 'Sd,

Pay, Appointment, Promotion, and Non-effective pay of the. Royal Warrant
1891. 8vo. 516 pp. Cloth. Price Is. 6d
loa Balkan States, Roumania, Servia, Bulgaria, Montenegro, and Greece.

idbook to the Armies oL 8vo. 66 pp. Wrapper., Price Qd.

Regulations for Officers of the Army (including the Militia). 1891. 8vo.

188 pp. Cloth. ' Price Is. 6(f.

iOSivES. Notes on, By Dr. W. R. Hodgkinson. 8vo. 34 pp. Wrapper. Price 6d.

Statistics for the United Kingdom for the year 1889. Fcap. 120 pp. 2 Maps.
"Wrapper. Price Is. 4d.

58 worked in the year 1889, List of. 200 pp. Two Maps. Price Is. lOd.

[Abandoned Mines. List of the Plaas of. Corrected to 31st December 1890. 68 pp.
Price 6hd.

5INE Rifle. Rifle Exercises and Rifle Practice Instruction for Her Majesty's
1890. 12mo. 52 pp. 3 plates. Wrapper. Price 3(/,

lASTic Exercises for the use of Her Majesty's Fleet. Handbook of. 8vo. 116 pp.
Figures. Wrapper. Price Is.

BH Lincolnshire and South Yorkshire. The Geology of Parts of. By W. A. E.
"ler, F.G.S. 8vo. 240 pp. 10 illustrations. Price 2s.

Lture, Board Of. Injurious Insects and Fungi. Annual Report of the Intelligence
tment, 1890. 8vo. 32 pp. 16 Figures. Wrapper, Price 2^
Handbooks for. Issued by the Emigrants' Information Office, 31 Broadway^

ister, S.W. 8va Wrapper,
ro. 1. Canada. 2. iTew South Wales. 3. Victoria. 4. South Australia. 5. Queens-
land. 6. Western Australia. 7. Tasmania. 8. N^w Zealand. 9. Cape Colony. 10.

Natal Price Id. each.
To. 11. Professional Handbook deaUng with Ptofesaione in the Colonies. 12. Emigra-

^
tion Statutes and General Handbook Price 2d. each.

"^0. 13 (viz., Nos. 1 to 12 in quarter binding). Price 2s.

of Trade Journal, of Tariff and Trade Notices and Miscellaneous Commercial Inlbr-
Published on the 15th of each Month. Price 6rf.

Boyal Botanic Gardens. Bulletins of Miscellaneous Information. Volume for

,
8vo. Boards. Price 2s. 1(^, and Monthly parts, 1891, price 2d,
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NINTH ANNUAL REPORT.

TO THE MOST HONOURABLE

THE MARQUESS OF LOTHIAN, K.T.,

Her Majesty s Secretary for Scotland.

Fishery Board for Scotland,

Edinburgh, 1st May 1891.

My Lord Marquess,

We, the Members of the Fishery Board for Scotland,

have the honour to submit the Board's Ninth Annual Eeport,

being for the year 1890.

The subject matter of the Eeport has as usual been arranged

in three parts, under the following titles :

—

Part I.—General Eeport.

Part II.—Eeport on Salmon Fisheries.

Part III.—Scientific Investigations.

We have the honour to be,

My Lord Marquess,

Your Lordship's most obedient Servants,

THOMAS J. BOYD, Chairman.

JOHN GUTHEIE SMITH, Deputy-Chairman.

GEO. H. M. THOMS.
ALEXE. FOEBES lEVINE.

J. E. G. MAITLAND.
J. COSSAE EWAET.
JAMES JOHNSTON.
WILLIAM BOYD.
W. ANDEESON SMITH,

s. F. h





PART II.-REPORT ON SALMON FISHERIES,

1890 was not a favourable year, so far as the Salmon Fisheries i890 abad

of Scotland are concerned, only 18,931 boxes of salmon having been fishing year,

received at Billingsgate Market during the fishing season.

The following Table contains a return of the number of boxes of

Scotch salmon sent to Billingsgate Market in each year from 1834
to 1890, both years inclusive :

—

Year.
Boxes of Scotch

Salmon.
Year.

Boxes of Scotch
Salmon.

1834 30,650 1863 24,297
1835 42,330 1864 22,603
1836 24,570 1865 19,009
1837 32,300 1866 21,725
Looo loo /

1839 16,340

15,160

1868 28,020
1840 1869 20,474
1841 28,500 1870 20,648
1842 39,417 1871 23,390
1843 30,300 1872 24,404
1844 28,178 1873 30,181
1845 31,062 1874 32,180
1846 25,510 1875 20,375
1847 20,112 1876 34,655
1848 22,525 1877 28,189
1849 23,690 1878 26,465
1850 13,940 1879 13,929
1851 11,593 1880 17,457

1852 13,044 1881 23,905
1853 19,485 1882 22,968
1854 23,194

18,197

1883 35,506
1855 1884 27,219
1856 15,438 1885 30,362
1857 18,654 1886 23,407
1858 21,564 1887 26,907

22,8571859 15,823

15,870

1888
1860 1889 21,101
1861 12,337 1890 18,931
1862 22,796

The salmon harvest is at all times a fluctuating and irregular

one. But, taking the two periods of twenty-eight years each
previously to 1890—that is to say, the periods from 1834 to 1861,
and from 1862 to 1889, in each case both years inclusive—it

appears that, during the first period, 631,183 boxes of salmon were
sent from Scotland to Billingsgate Market, and during the second
period 688,035, showing an excess of 56,852 boxes of salmon
during the second period over the first period.

Estimating the value of the salmon sent to Billingsgate from Value of Scotch

Scottish waters during the fishing season of 1890 at £5, 10s. per 8*i™on in 1890.
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Alterations in

annual close-

time applicable

to Tay and in

Tay angling
season.

Opening
Falls of

Tummel

up of

box, the amount is £104,120 ; and if as much is added—a very
modest estimate—for the value of the sahnon consumed at home
and sent to other markets than London, the total value of the

Scotch salmon during the year 1890, is £208,240. This, hov/ever,

is probably considerably under the real value. But it is almost

impossible to procure accurate statistics.

In the last Report of the Board it was pointed out that the

return to what was the old annual close-time of the Tay previously

to the passing of Home-Drummond's Act of 1828, which was ad-

vocated in the Report of 1883 by the Inspector of Salmon Fisheries

and approved by this Board, had been given effect to by Order
under the Secretary for Scotland's hand, published in the Edin-
burgh Gazette, and dated 15th February 1888. And it is now
satisfactory to be able further to report that the opening up of

the Tay, for angling only, for some time previously to the com-
mencement of the netting season—which was also recommended
in the Inspector's Report of 1883 and approved by this Board

—

has likewise been given effect to by Order under the Secretary

for Scotland's hands, published in the Edinburgh Gazette of

Friday, 19th December 1890. The angling season in the Tay and
its tributaries, with the excejDtion of the Earn, now commences
on 15th January and continues until 15th October in each year,

both days inclusive. But the angling season on the Earn and its

tributaries remains unchanged, extending from the 11th day of

February to the 31st day of October, both days inclusive.

So far the measures recommended by this Board for the improve-

ment of the Tay Salmon Fisheries have been given effect to. There
is, however, another improvement of even greater importance than

those recently authorised, and which w^ould, if properly carried out,

immensely increase the value of the right to rod-fishing for three

weeks previously to the commencement of the netting season on

the Tay, namely, the opening up of the Falls of Tummel, which
would make 50 miles of river and 20,000 acres of lochs accessible

to salmon, which at present are not able to reach them.

It would not cost a large sum to make these Falls passable

for salmon ; and if this were
annual value of the waters

successfully accomplished the

so opened up would probably

expense of making them acces-very greatly exceed the gross

sible.

The River Tummel between the Falls and Loch Tummel ; Loch
Tummel itself; the long and beautiful stretch of water between Loch
Tummel and Loch Rannoch ; the wide expanse of Loch Rannoch

;

the seven miles of the Gaur— a perfect model of a moderate-sized

salmon river—which connects the wild and remote Loch Lydoch
with Loch Rannoch ; the whole of Loch Lydoch

;
and, above Loch

Lydoch, Loch-na-Baa and Loch-na-Gannich, with their tributary

streams, whose sources are in the heart of the Black Mount, would
be opened up to salmon. But even this is not all. In another
direction the Erich t, an important tributary of the Tummel, with

only one obstruction in its course not difficult nor expensive to over-

come, would open up the sixteen miles of Loch Ericht, from which
it flows, to salmon. In fact, it would be difficult to calculate the

value of the spawning and angling waters which would be salmonised

by opening up the Falls of Tummel.
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The opening up of these Falls was recommended, so far back as

1871, by Mr Frank Buckland and Mr Young in their Report on the

effect of recent legislation on the Salmon Fisheries of Scotland

;

and, in 1884, Mr Young, after having personally minutely inspected

the whole extent of the rivers and lochs above the Falls of the

Tummel, made a Special Report to the Fishery Board for Scotland

on the subject
;
and, after receiving and considering that Report,

the Board passed the following resolution, and published it in their

Report to Parliament:-

—

' The Board having considered the Report
* by Mr Young on the opening of Rivers and Lochs, now closed

* against salmon by the existence of such obstructions as the Falls

' of Tummel, the Falls of Mounessie, and the Falls of the Conon,
* approve of said Report, and, having regard to the extensive area
' of spawning and angling water which would be opened up in

' different districts of Scotland by the removal of such obstructions
' and the introduction of an efficient fish-way, resolve to transmit a
' copy of said Report to the Secretary of State, with a request that
' a short Act should be brought in by the Government giving Dis-
' trict Boards the requisite compulsory powers, subject to such
* control, on the part of this Board or otherwise, as may be con-
* sidered just.'

It will thus be seen that both the Fishery Board for Scotland Both Fishery

and the Inspector of Salmon Fisheries have recommended the
fc^atkiid^aud

opening up of the Falls of Tummel and similar obstructions on the inspector of

salmon rivers of Scotland in the strongest and most unequivocal
l^g^g^^eg ^ave

manner. But as yet entirely without effect. For, as the law at strongly and

present stands, if the proprietors of the Falls refuse to allow them
recoJjnfeuded

to be interfered with, so as to make them passable for salmon, the opening up of

District Board of the river is powerless ; and even if all the pro-
^J^jJ^jj^gj

prietors above and below the Falls are agreed as to the necessity

of having them opened up, so as to increase the productiveness of

the river, and are willing to pay the cost, nothing can be done.

District Boards have, indeed, under the 13th section of 'The
' Salmon Fisheries (Scotland) Act, 1868,' the power to remove any
' natural obstruction to the passage of fish in the bed of a river, or
' to attach a fish-pass to any waterfall,' but only ' by agreement' so

that, if the proprietor, or proprietors of the waterfall refuse to agree
to its being made passable for salmon, the District Board is help-

less. It has no compulsory powers, under any circumstances or

conditions ; and the recommendation of this Board, in their Report
of 1884, that a short Act should be passed by the Government
giving District Boards compulsory powers, under certain conditions

and restrictions, to make such obstructions as the Falls of Tummel
passable for salmon, still remains a dead letter.*

* In a letter, dated 28th March 1890, Mr P. D. Malloch, the well-known fishing-

tackle maker and naturalist, Perth, gives some interesting information with regard to
the specification and plan of an Automatic Fish-Pass patented by him, whicli were
published in the Notes to the Eighth Report of the Inspector of Salmon Fisheries.
Mr Malloch writes as follows :

—
* In places where there are existing cruives, t1ie pass

' can bo let into the dyke, that is, without any sides to it—^just merely boarded over
* on the top. In places like the Falls of Tummel I would propose to cut a lead about
* 4 or 5 feet wide round the rock on the Bonskeid side, and run it into the pot where
' all the fish lie, and place the sluice near where it goes into the pot; or a little tunnel
* could be cut through the rock, and the sluice inserted into the rock and covered
' over on the top, so that no one would know such a thing was there. I have got
* a little model almost completed. I will be very glad to show it working.'
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In the Sixth Animal Report of the Inspector of Salmon Fisheries

there will be found a full account of the principal natural obstruc-

tions on the salmon rivers of Scotland, and the best means of opening
them up (pages 30 to 58). And the position of these obstructions

is marked out on a map prefixed to his Third Annual Report by
blue and red crosses—the blue crosses indicating absolutely im-

passable obstructions, and the red those which are occasionally

surmounted by salmon.

There are three chief causes that have operated to prevent the

opening up of the obstructions, which at present bar about 500
miles of rivers and lochs against the ascent of salmon. These are

(1) the natural unwillingness of the proprietors of such Falls to

allow them to be interfered with, sometimes because there is a

productive pool immediately below the Falls which they fear might
be spoiled, sometimes from considerations of amenity—such pro-

prietors possessing at present an absolute veto, there being no
means provided by which arrangements can be made for opening
up the Falls and compensating the proprietors in the case of their

refusing their consent
; (2) the claim of the Crown to all the new

Salmon Fisheries that may be created by the opening up of natural

obstructions by the riparian owners ; and (3) the claim put forward

in certain cases by a proprietor below a Fall—founding upon a
charter granting him the Salmon Fishings throughout a whole
district of country—to the Salmon Fishings above the Fall in the

event of its being opened up, though neither the Fall nor the river

above it are his property. But for the operation of these three

causes, we believe that many of the natural obstructions in our

Scotch Salmon Rivers would by this time have been made
passable.

In connection with this subject, the Board would beg to advert

to the reconnnendations by the Committee on Crown Rights in

Scotch Salmon Fisheries in their Report of May 1890 to the Secre-

tary for Scotland. In that Report they write as follows :
—

' The
' greater the extent of spawning-ground that can be opened the better
' for the public interest. We therefore recommend that in all cases
' where such obstructions exist, riparian owners be encouraged to
' undertake their removal by receiving a charter of the fishings

' ex adverso their lands on favourable terms.' And the 12th

recommendation of the Committee is :
—

' On the general question
* of the removal of natural obstructions, where this will open up
' unchartered waters, we would approve of power being conferred
' upon the Fishery Board to require or undertake their removal,
' and when doing so to prepare a scheme regulating the interests
' of all concerned.'

The Rental of the Salmon Fishings in the Tay fluctuates con-

siderably, and there is a good deal of speculation in connection with

the annual let of the Fisheries. In 1852 the rental fell as low as

£7973, 5s., and in 1886 it rose to £22,542, 2s. 8d.—the highest

value it has reached. The following is a statement of the rental

for the last 20 years :

—

Year.

1871, X'16,382 8 4

1872, 15,162 15 0
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Year.

1873,

1874,

1875,

1876,

1877,

1878,

1879,

1880,

1881,

1882,

1883,

1884,

1885,

1886,

1887,

1888,

1889,

1890,

£17,519 14 0
18,941 13 8
21,634 4 4
19,930 18 4

21,126 14 0
21,187 1 0
21,697 14 0
22,518 8 7

19,579 11 5

19,221 11 7

17,773 2 0
19,655 14 5

20,417 0 2

22,542 2 8

22,143 16 7

19,655 0 0
17,731 2 0
17,819 10 0

m 1890 Largest salmon
caught in Tav
in 1890.

The largest salmon caught by the net in the Tay
weighed 57 lbs. ; the largest by rod weighed 42 lbs.

28 watchers are employed during the annual close-time on the

Tay and 8 in summer.
In their answers to the printed queries the Tay District Board Answers of Tay

recommend that there should be a weekly close-time of 48 hours SlSed°^^^
instead of, as at present, one of 36 hours.

.
queries.

Under the head of artificial obstructions, they point out the

dams and cruives on the Earn
;
and, among the natural obstructions,

the Falls of the Tummel, the Keith on the Ericht, and the Falls of

the Garry ; and they intimate an opinion that compulsory powers
should be given to District Boards to open up such obstructions,
' if done in such a manner as not to injure the amenity.'

There are Hatcheries belonging to the District Board of the

Tay at Dupplin and Stormontfield. 830,000 ova are hatched out

at Dupplin.

The following are the results of the salmon fishings in Loch Tay, Loch Tay

which are entirely rod-fishings, for the last eight years :—
i890

Year. No. of Fish. Weight in lbs. Average Weight.

1883 461 9679 19 lbs. 11 oz.

1884 240 4710 19 „ 10 „
1885 398 8167 20 „ 8 „
1886 379 7652 20 „ 3 „
1887 227 4385 19 „ 5„
1888 378 7006 18 „ 8 „
1889 261 4925 18 „ 14 „
1890 283 5474 19 „ 5 „

It will be interesting to watch the effect of the three weeks'

additional rod-fishing at the commencement of the season, before

the netting season begins, on the Loch Tay fishings. If possible,

it would be desirable to ascertain, by means of careful angling in

the Dochart, after the 15th of January, whether the large clean fish

that run up into Loch Tay during the winter months stay there
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Illicit traffic in

salmon.

Proprietors
and lessees of

salmon fishings

cannot prose-

cute for contra-

vention of

hye-laws in

districts where
there is no
District Board.

in spring, or whether some of them ascend from the loch into the

Dochart, its principal feeder.

The Board regret to state that the illicit traffic in salmon from
Newburgh and elsewhere on the Tay, and from other localities in

Scotland, to English and foreign markets, still continues, no legisla-

tion having as yet taken place to carry out the steps which we had
the honour to recommend in our Seventh Report as necessary to

prevent it. As the matter is one of much importance, and as it is

understood to be occupying the attention of the Fisheries Depart-
ment of the Board of Trade and of the Fishmongers' Company of

London, we beg to recapitulate what was there recommended :

—

' What is chiefly required in Scotland are powers of search and
seizure, conferred on officers of District Boards, river watchers,

police officers, &c., such as are given with regard to game by the

second section of the Poaching Prevention Act of 1862 ; the pro-

hibition of the sale, offering for sale, or having in possession, for

the purpose of sale, of salmon caught during the extension of

time for rod-fishing ; and the throwing on persons in whose pos-

session salmon are found, in a district where the annual close-time

has commenced, the amis of proving that they got them in a

district where it was still legal to take them. All these advantages
have been possessed for some years past in England, and why they

should be withheld from Scotland, where the salmon fishings are

three times as valuable and the facilities for poaching so much
greater, it is difficult to comprehend. Generally speaking, it may
be said that the English Acts throw the burden of proof to a great

extent on the persons in whose possession unseasonable salmon
are found, whereas the Scotch Acts, as interpreted by the Courts,

throw it on the prosecutor. It may also be stated that the Tweed
Fisheries Act of 1859, section 10, throws the burden of proof, on
persons selling or offering for sale salmon caught during the

annual close-time, that such fish were not taken contrary to the

provisions of the Act; and in the 19th section of the English

Salmon Fisheries Act of 1873 the burden of proof is also thrown
upon the pesron having the unseasonable salmon in his possession.' *

The case of Captain Dunbar Brand er of Pitgaveny, who is a

proprietor of salmon fishings in the district of the river Lossie and
lessee of the rod-fishings in that river, has brought prominently

into notice a great defect in the existing salmon fishery laws, as it

has been found that he, though a proprietor and lessee of salmon
fishings, has no title to prosecute for a breach of any of the bye-laws

which form parts of the Salmon Fishery Acts of 1862 and 1868.

There is no District Board for the Lossie, and it has been held by
the Court of Session, in the case of ' Blair v. Sandeman and
* Lumsden, 20th July 1869,' that proceedings for the enforcement

of a bye-law must first be taken by the Clerk to the District Board
under section 29 of ' The Salmon Fisheries (Scotland) Act, 1862,'

the respondent, failing obedience, being then liable to be proceeded

against under section 28 of that Act as kept in force by section 30
of ' The Salmon Fisheries (Scotland) Act, 1868.'

In the case of the Lossie, Captain Dunbar Brander attempted to

enforce the provisions of the bye-law (Schedule G), which directs

* See also the Inspector's Seveuth Annual Keport to the Fishery Board, pp.18 and 19t
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fish-passes to be placed on mill-dams and hecks on the intake and
tail-lades, against the proprietors of the numerous mill-dams which
obstruct the course of the Lossie and hinder the free passage of

salmon. The Sheriff, however, founding on the precedent of the

case of ' Blair v. Sandeman and Lumsden,' above quoted, held that

he had no title to prosecute, as the prosecution should be made at

the instance of the Clerk to the District Board.

The effect of this state of the law cannot fail to be most disastrous, Evil effects of

especially on the West Coast of Scotland and in the Inner and Outer
^^^^^J

'^^

Hebrides, where there are scarcely any District Boards. For it

just comes to this, that no proprietor or lessee of salmon fisheries

in these districts is entitled to prosecute for a breach of any of the

bye-laws ; and when it is considered that these bye-laws regulate

the limits of estuaries, the commencement and termination of the

annual close-time, the observance of the weekly close-time, the size

of the meshes of nets, and the construction and working of cruives,

mill-dams, water-wheels, and lades, it seems perfectly clear that if

proprietors of salmon fishings, in districts where there is no District

Board, are not entitled to prosecute for a breach of any of these

bye-laws, the due observance of the Salmon Fishery Acts in such

districts must become an absolute impossibility.

It is true, indeed, that the 28th section of the Salmon Fisheries

Act of 1862, and the 30th section of the Salmon Fisheries Act of

1868, provide that 'all offences under this Act may be prosecuted,
* and all penalties under this Act may be recovered before any
' Sheriff, or any two or more Justices of the Peace, acting together
' and having jurisdiction in the place where the offence was com-
' mitted, at the instance of the Clerk of any District Board, or of
' any other person'
At first sight, it would seem as if the words in italics gave the

amplest scope for prosecutions; but, read by the light of the

decisions of the Court, it seems clear that the words ' or of any
* other person ' must be read as if they meant ' any other person
' having a sufficient title.'

The remedy, however, for this unsatisfactory state of the law is Remedy for

easy ; but it requires further legislation. At present, the 37th present un-

section of the Salmon Fisheries Act of 1868 provides that ' Any state of the
' proprietor of a fishery shall be held to have a good title and 1''^^.

' interest at law to sue by action any other proprietor or occupier
' of a fishery within the district, or any other person who shall use
' any illegal engine or illegal mode of fishing for catching salmon
' within the district.'

All that is required to enable proprietors or occupiers of fisheries,

in those districts where there there are no District Boards, to pro-

secute for infringement of bye-laws, is to add to the above-quoted
section the words, ' or who contravenes or fails to observe any
' hye-laiv'

The year 1890 has been a bad year for Lochleven, as the Six- ivout fishing

teenth Annual Report of the Directors of the Lochleven Angling 1890—Loch

Association shows, from which we give the following extracts :— ^^*^"*

' The past season opened comparatively early, and during the
* first half of it gave good promise of being a successful one, but
' from about the middle of June to the end of the season little sport
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' was got, and as a whole the sport was disappointing. The
* Directors, however, are quite satisfied that this result is attribut-
' able to atmospheric or other natural causes adverse to angling,
' and not to any diminution in the number of trout in the loch.'

The Table on page xiv shows the number and weight of trout

killed in each month during the last six years.
' Vigorous means have been continued for keeping down the

* pike, and during the year 614 have been killed.

' The hatching operations during last winter were again success-
' fully carried on, and nearly 300,000 fry were deposited in early
' spring in the feeders of the loch.

' During the early part of this and last season the Directors
* netted and marked with distinctive marks a considerable number
* of young trout with a view to obtaining reliable information as to
* their annual growth and change of locality, but as only two or
' three of those marked have yet been captured, no opinion can be
' formed on the points in question.

' The whole plant has been kept in good order, but it has not
* been found necessary to build any new^ boats within the year.
' There are, however, four new boats in course of being built, which
' will appear in next year's accounts.'

The above is the smallest return of trout in number and weight

from Loch Leven since 1882, when only 8963 trout, weighing
8888 lbs. were captured.

The Loch Awe Fisheries Improvement Association has, for Loch Awe

several years past, done good and useful work in killing down the
p^ovement"^

pike in Loch Awe, and in stocking it with Loch Leven trout. Mr Association.

G. W. Hartley, the energetic Secretary, has had a hard battle to

fight, and has fought it manfully, to keep down the enemies of

the trout, and to counteract the effects of over-fishing from the

half-dozen hotels on the shores of Loch Awe. He has now, how-
ever, resigned, leaving a balance at credit of the Association's

account current with the Commercial Bank of Scotland of £86,
18s., and his place is taken by Dr M'NicoU of Dalmally.

1600 pike have been killed in Loch Awe by the Association

during the last five years, and the size of those now got is very

much less than during the past two years. About 150,000 Loch
Leven fry and ova have been put into the burns during the last three

years. We extract the following from Mr Hartley's last Report :

—

' If the seasons are suitable the fishing in Loch Awe ought, for the
* next few years, to be better than it has been in the past. But the
* good water is limited, and I believe myself is—during, at any rate,
* the earlier part of the year—greatly over-fished. Ifnothing is done
* to counteract this over-fishing,and the pike are allowed to get ahead
' again, and the big old spawner on her way up some burn falls a
' prey to mischievous lads before she has deposited her thousands
* of children there—if these evil things happen I venture to pre-
' diet that a time will come when those who are interested in the
' fishing will regret this Association, and will be sorry that thev
* did not give it a little more support when it was alive.'

The Fifbh Annual Report of the Esk (Midlothian) Angling Esk (Mid-

Association is gratifying and satisfactory. Their fishings extend AngHng
over three miles of the Esk, from Musselburgh inland to the Duke Association's

Report.
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of Buccleuch's policy wall, near Cowpits, and seawards to low-water
mark. The fishings are divided into two beats—the upper extend-

ing from the Inveresk Paper Company's weir at Inveresk upwards
to the Duke's wall, and the lower extending from the weir down-
wards to low water sea-mark. The former is wholly river or fresh

water, while the latter is, to a considerable extent, tidal. The two
beats are connected by a handsome fish-pass erected by the Inveresk

Paper Company in 1885.

The following Table shows a steady improvement of the fishings

under the Association's management :

—

* 5. Statistics of Fish TaJcen.—The following Table of fish cap-
* tured during the past angling season has been compiled from the
* water-bailiff's reports. It is proper to state that the figures
* given in the Table are under the mark, the water-bailiff not
* having been always able to obtain the particulars of every basket.

Month. 1887. 1888. 1889. 1890.

February (from
11th, Opening >

Date), . . J
March,
April,

May, .

June, .

July, .

August,
September,
October,

Fish.

240

153
80
70
85
56
143
568
217

Weight.

151}

85J
35|
29|
32
23
59

375
125

Fish.

80

79
350
33
15

555
814
224
112

Weight.

46

511
2381

18|

H
207
303

86J
5l|

Fish.

183

207
159
56
15

29
606
175
404

Weight.

112

118^
83
25

7}
13

337}
97

232^

Fish.

273

249
36
3

39
479
836
123
175

Weight.

158

162|
19;

1;

llj
182

444i
62

102

Approximate Totals, 1612 916 lbs. 2262 1011 lbs. 1834 1026^1bs. 2213 1143lbs.

Average Weight, 9 oz. 7i oz. 9 oz. 8i oz.

* The average weight of each fish for 1890 is a fraction more
' than 8} oz., or fully J lb.

' An increasing number of fish have been taken during the
' season, from 1 lb. to IJ lb. and 1^ lb. The largest fish taken
' during the year was a salmon of 5 lbs. It was captured by Mr
' Simpson in the month of February. The largest sea-trout
' weighed 2J lbs., and the largest yellow trout 1 J lbs.'

The Association have stocked the Esk with a number of salmon
and trout ova and fry ; and they state that, during the season of

1890 the water of the Esk, within the Association's Fishery, has

been comparatively clean, though operations connected with clear-

ing out Mauricewood Pits in the beginning of the year, and some
pollutions in October, undoubtedly interfered with the fishing.

Reports from Considerably more than fifty hotels in Scotland have Salmon or

Lavin^']?shiii
"^^^^^ Fishing attached, and the Inspector of Salmon Fisheries for

attached^
"^^^

^ couple of years past has issued printed queries to the landlords

of these hotels requesting information as to the number and
weight of the trout or salmon caught, and other details concerning

the fisheries. Many of the hotel keepers are now keeping regular

accounts of the number and weight of the fish caught annually

;
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and some of them are trying to improve their fishings by introduc-

ing into the waters the finer species of trout, such as those from

Loch Leven. Full details with regard to the fishings in these

waters will be found in the Inspector's Ninth Report to the Fishery

Board, which immediately follows our Report. But it may be

mentioned, as showing the importance of the trout fishing attached

to some of these hotels, that no fewer than 22,000 trout, weighing
7151 lbs., were captured in the lochs attached to one remote
hotel on the borders of Sutherland in the course of last year.

The heaviest yellow trout weighed 9J lbs. In the returns from
another hotel, though the number of yellow trout is not great, yet

the average weight is most remarkable, being no less than 2 J lbs.

On the 12th of August last, Mr Young, the Inspector of Salmon Erroneous

Fisheries, was requested in a letter from the Secretary to the
J^in^^yf Ja^vg'^"

Fishery Board to 'furnish them with a Report on the wording of constituting

' the Bye-laws constituting the Districts of the Rivers Tay and
'i-g^^Ji-s^h^'^^

' Forth, whereby certain Rivers within the limits of these Districts Scotland.

' are apparently exempted from the jurisdiction of the District
' Boards ; and whether there are any other Fishery Districts in
' Scotland in the same position.'

In answer to this letter the Inspector drew up the following

Report, which is dated 13th August 1890 :

—

' Report on the Bye-laws constituting the Districts of the
' Rivers Tay and Forth, and on certain other District
' Bye-laws.

Edinburgh, ISth August 1890.

* I have the honour to report that I have received a letter, dated
' 12th August 1890, from the Secretary to the Fishery Board for
' Scotland, stating that he was directed by the Board to request
' that I would " furnish them with a Report on the wording of the
' " Bye-laws constituting the Districts of the Rivers Tay and Forth,
' " whereby certain Rivers, within the limits of these Districts, are
' "apparently exempted from the jurisdiction of the District
' " Boards ; and whether there are any other Fishery Districts in
^ " Scotland in a similar position."

' The River Tay.

' The Bye-law constituting the District of the Tay, which took
' effect from 10th February 1863, is as follow^s:

—"That the limits
* " of the District of the River Tay shall be—on the north, Red
' " Head ; on the south, Fife Ness ; and that the District shall

' " consist of the portions of the sea-coast and the estuary, and the
' " river, contained between the said points."

' The estuary of the River Tay extends to the east end of the
' Drumly Sands called Abertay, and a line di-awn south and north
' from that end.

' The River Eden falls into St Andrews Bay several miles
' outside of the above-mentioned estuary line of the Tay, and is,

* therefore, in no sense a tributary of that river; and the Tay
* District Board hold, and have always held, that, as the word in

* the Bye-law constituting the District of the Tay is "River" and
s. F. c
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' not " Rivers " in the plural, as it ought to have been, they have
' no jurisdiction over the Eden.

* So completely was this understood and admitted to be the
' case—though the point has never been brought before a court of
* law and adjudicated upon—that, in 1871, the late Mr Maitland
* Heriot of Ramornie, Sheriff of Forfar, and other proprietors on the
' Eden, drew up a petition to the Home Secretary, praying to have
' the Eden erected into a separate Fishery District

;
and, by the

' direction of the Home Secretary, the Commissioners of Scotch
' Salmon Fisheries—of whom I was one—held an inquiry at St
' Andrews with the view of having the prayer of this petition given
* effect to. The formation of the Eden into a separate Fishery
' District was, indeed, successfully resisted, chiefly by the Burgh of
' Cupar. But it was never attempted to be maintained that the
' Eden was already within the jurisdiction of the Tay District
' Board.

* The River Forth.

' Having been directed by the Fishery Board to inspect the River
' Tyne, which falls into the sea at Tyninghame in East Lothian, I

' inspected that river on the 24th and 25th of last month. But,
' on carefully reading over the Bye-law constituting the District of
' the Forth, I found that the Tyne, the Midlothian Esk, and the
* Almond, on the south shore of the Firth of Forth, and the Leven
' on the north shore, are in precisely the same position with regard
* to the Forth District Board as the Eden is with regard to
' the Tay District Board.

* By the Bye-law, which took effect from 10th February 1863, it

' is provided " that the limits of the District of the River Forth
* " shall be—on the north, Fife Ness ; on the south, the boundary
' " between the counties of Haddington and Berwick ; and that the
* " District shall consist of the portions of the sea-coast and the
* " estuary, and the river contained between the said points."

' By the interpretation clause of " The Salmon Fisheries (Scot-
* " land) Act, 1861," it is declared that the term "River" shall

' " include tributaries and any lake from or through which any
* " river flows."

' By the first sub-section of section 6 of the Salmon Fisheries
* Act of 1862, the Commissioners of Scotch Salmon Fisheries are

empowered " to fix and define, for the purposes of this Act, and
' " the other Acts relating to Salmon and Salmon Fisheries in
' " Scotland, the natural limits which divide each river in Scotland
* " (including the estuary thereof) from the sea, in so far as the
* " same may not be already fixed by statute or judicial decision."

' Acting under the powers thus conferred, the said Commissioners
* drew up a Bye-law, which took effect from 14th May 1865,
' and which fixed the estuary of the Forth to be " a straight line
* " drawn from the Hound Point on the south shore to St David's
' " Point on the north."

' It seems clear that the above line terminates the River Forth,
' properly so called. All beyond and outside that line—that is to
* say, to Fife Ness on the north and the boundary between the
' counties of Berwick and Haddington on the south—is sea and sea-
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' coast, and the rivers Tyne, Esk, Almond, and Leven, which fall

' into the sea outside and beyond the estuary, cannot be considered
' as tributaries of the Forth, and as such subject to the jurisdiction
' and control of the Forth District Board.

' Had the term ''River'' in the Bye-law been ''Rivers^' the case
* would have been different, and the Tyne, Esk, Almond, and Leveri
' would have been included. As it is, looking to the precedent of
' the Tay and the Eden, it humbly seems to me that they are
* excluded.

' If this opinion be correct, it does not appear to be beyond the
' powers of the Fishery Board for Scotland, who, by the " Fishery
' " Board (Scotland) Act, 1882," are declared to " have the powers
' " and duties of Commissioners under the Salmon Fishery Acts,"
' to constitute the Almond, Midlothian Esk, and Tyne into a
* separate Fishery District, with the consent of the proprietors
' and the Secretary for Scotland.

' That this would be a great advantage to these rivers there can be
' but little doubt, when we consider how greatly the fishings in the
' Esk have been improved during the last four years by the efforts

* of " The Esk (Midlothian) Angling Improvement Association,"
' who have leased the lower part of the river, placed a watcher on
' it, and put ladders on some of the dams. Up to the date of this
' Report, the members of that Association have captured this
' season with the rod nearly 500 sea-trout, besides a large number
' of yellow trout.

' I am directed to state, in the last place, whether there are any
' other Fishery Districts in Scotland in the same position as those
' of the Forth and the Tay. In answer to this, I have the honour
' to report that I have gone over the various bye-laws constituting
' Districts and Estuaries, and I find one considerable river with
' a District Board in a similar position, namely, the River Awe.
' On the West Coast, however, there are some comparatively
' small streams in a similar position, such as the Inchard on the

west coast of Sutherland, the Glenelg, which falls into the Sound
' of Sleat, the Kilchoan or Inverie, Loch Nevis, and the Carradale,
' Mull of Cantyre.' *

With reference to the above, the Inspector states that the con-

clusion at which he has arrived, after a careful study of the statute

law relating to the subject, is that wherever there are rivers fre-

quented by salmon outside the estuary line of the main river which
gives its name to the district, and where, in the bye-law constituting

the district, the word ' River ' is used in the singular instead of
' Rivers ' in the plural, the said rivers do not belong to the district

or fall within the jurisdiction of the District Board. He cites, as

an example that will be familiar to some members of the Fishery
Board, the River Lunau, which falls into Lunan Bay within the

* There is an Act (13 & 14 Vict. cap. 21, 10th June 1850), cntituled 'An Act for
* shortening? the language used in Acts of Parliament,' the 4th section of which })ro-

vides— ' That in all Acts words inipoi ting the masculine gender shall be deemed and
' taken to include females, and the singular to include the plural, and the p.lural the
' singular, unless the contrary as to gender or number is expressly provided,' It ig

thought, however, that the above j)rovision would not apply to bye-laws.
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limits of the district ot the South Esk ; and this river, looking to

the wording of the bye-law constituting the district of the South
Esk, he holds to be precisely in the same position with regard to

the South Esk as the Eden is with regard to the Tay.

Probably it would be sufficient to remedy the erroneous wording

of certain District Bye-laws, in the event of their being farther

Salmon Fishery legislation, to provide, in the case of all such bye-

laws where there are rivers frequented by salmon outside the

estuary of the main river which gives its name to the district, that

the word ' River ' in the latter clause of such bye-laws shall be read

and construed as if it had originally been * Rivers.'

Paidle-nets on In the end of December last a public meeting was held in the

shore'^of the
Mechanics Hall, Dumfries, to discuss the grievances of the iisher-

Sohvay Firth, nien on the Scottish shore of the Solway Firth, and to maintain

the right of these fishermen to fish for white fish by means of

Paidle-nets, which are simply—as has been repeatedly held by
Government Commissions and by the Court of Session—small stake-

nets ostensibly used to take white fish, but really calculated and
intended to take salmon.

Subsequently to this meeting, a deputation waited on Lord
Lothian to support the rights of the Paidle-net fishermen, and to

urge the appointment of an impartial Commissioner to investigate

the whole matter.

With reference to the above, it should be kept in mind that the

upper part of the Solway Firth, Avhere the Paidle-nete ai-e used and
set up alongside and between the Salmon Stake-nets, is not fre-

quented by the more valuable kinds of white fish, such as cod and
haddocks, but chiefly by flounders, which are much less important.

This flounder fishing is not, and never can be, of equal value with

the Salmon Fisheries in the same locality, with which, as carried

on by Paidle-nets, it mostly injuriously interferes.

It should likewise be kept in view, in connection with the appli-

cation made to Lord Lothian for the appointment of a Commissioner,

that there have already been three Special Commissions on the

Solway Firth between 1870 and 1882, when the Fishery Board
for Scotland was created, and all these Commissions agreed in

declaring that these Paidle-nets are so constructed and so placed

as almost inevitably to intercept and to capture salmon, and in

recommending either their removal or such an alteration in their

construction and position as would not make them injurious to the

salmon fishings.

The first Commission, which consisted of the late Mr Frank
Buckland and Mr Young, the Inspector of Salmon Fisheries,

though differing on some points about the Solway, were unanimous
concerning the evil effect of these Paidle-nets on the legitimate

Salmon Fisheries.

Mr Buckland wrote as follows about them in a paper on ' The
' Nets used in the Solway,' which forms Appendix 4 to the Report
of 1871 :

—
' Paidle-nets are very destructive to salmon. There are,

* I understand, about 40 of them fishing at and about the mouth
' of the Nith, and entail a deal of watching on the part of the
* water-bailiffs ; the plea always given for their use is that they
* are set for flounders, and flounders only. They are covered
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' with a roof of netting, so that if a salmon once gets in he cannot
' get out again. Of late years the leaders to these nets have been
' made taller and taller. They are now, by my own measurement,
' from 5 to 7 feet high ; 3 feet would be quite enough to drive the
' flounders into the nets. Paidle-nets should be done away with
' altogether, as the flounder fishing is most insignificant as com-
* pared with the salmon fishing. If it be found impossible to do away
' with them, they should 1st, be put under the supervision of the
' District Board. 2nd, No paidle-nets should be erected without
' direct leave in writing. 8rd, The top, made of netting, should be
' entirely removed at all times, or else so arranged that the salmon
' could escape while the flounders were left behind. As matters
' now are, when the salmon nets are removed in the annual close-

' time, the stock of breeding fish ascending the river is diminished,
' and they doubtless destroy many of the descending fry in the
' spring of the year.'

The next Special Commission connected with the Scotch shore

of the Solway was that appointed under the ' Solway Salmon
' Fisheries Commissioners (Scotland) Act, 1877.' Of this Com-
mission Sheriff Macpherson was chairman, and the duties assigned

to the Commissioners were to ' inquire into the legality of all fixed
' engines erected or used for the taking of salmon in the waters
' and on the shores of the Solway Firth in Scotland, as the same
' have been fixed under the authority of " The Salmon Fisheries
' " (Scotland) Act, 1862," and in the rivers flowing into the same.'

The Special Commissionerswere perfectly satisfied that the Paidle-

nets were instruments erected and used for the taking of salmon.

This is quite clear from the following extract from the printed

memorandum published by the Commissioners, and signed by
Sheriff Macpherson as chairman •

—
' Being directed by section 3 of

' the statute under which we were appointed " to inquire into the
' " legality of all engines erected or used for taking salmon," we
' held that we were bound to hear the evidence tendered, and
* having heard it, were satisfied of the truth of the allegation, that
* they were erected and used for the taking of salmon, and there-
* fore we ordered to be removed such of them as we had seen at
' the period of our visit to Annan.

' The nets are simply small stake-nets of the same general form
* as the ordinary salmon stake-nets, with covered pockets, and the
' ground selected for fixing them is precisely of the same kind as
' that chosen for the ordinary salmon nets. They are much higher
' than the poke-nets above referred to, and hardly lower than some
' avowedly salmon nets fixed elsewhere, but they are much lower
' than the salmon stake-nets used in Mr Mackenzie's fishings.

' They are set as near low-water mark as they can be securely
* fixed. On appeal, the Second Division of the Court of Session,
* without looking at the evidence, declined to interfere with the
* deliverance of the Commissioners, who, they held, had a clear
' statutory duty which they were bound to perform.'

The Third Special Commission connected with the Solway
Fisheries consisted of Mr Spencer Walpole, now Governor of the

Isle of Man, and Mr Young, Inspector of Salmon Fisheries. The
Commissioners were directed to in(juire into the laws affecting the
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Salmon Fisheries on both sides of the Solway Firth, with the view

of placing them under uniform legislation. In the course of their

in(|uiry they inspected the rivers on both sides of the Firth, and

carefully examined the different kinds of nets used for the taking

of salmon and white fish on the Scotch shore of the Firth. They
also examined witnesses at Carlisle, Port Carlisle, Bo'ness, Lang-

holm, Annan, Dumfries, Kirkcudbright, and Newton-Stewart, and

in 1881 they published their Report.

That part of it which relates to the Paidle-nets reconnnends that

all such nets, eastward of a line drawn from Carsethorn of Arbig-

land on the Scottish shore, to the hotel of Skinbemess on the

English shore, should be declared illegal, or no Paidle-net should

be used which, if it had a coop or cover, exceeded 4 feet in height

;

but compliance with this regulation should not make any Paidle-

net legal which would otherwise be illegal. The Commissioners

likewise propose to 'repeal the Solway Act and Annan Act ; to

extend the 25th section of ' The Salmon Fisheries (Scotland)
* Act, 1868,' to the Scotch shores of the Solway, to which it does

not at present apply
;

and, in the event of farther legislation,

to have a clause prohibiting unqualified persons from fishing in

private waters, in place of the ninth clause of the Solway Act, which

was so strongly objected to at the recent meeting at Dumfries.

It is not the case that these Paidle-nets are the only means of

taking white fish on the Scotch shore of the Solway. This has

been often asserted, but the assertion is without foundation. There
are no such nets used for the capture of white fish anywhere else

in Scotland ; and even the rapid tide of the Solway does not neces-

sitate their use. Mr Jones, Chief Constable of Dumfries, who has

been for a long period of years at the head of the protection of the

rivers, and who is thoroughly acquainted with the Solway fisheries,

gave the following evidence to the Inspector of Salmon Fisheries

in 1883 :

—
' As it is almost wholly fiat fish, such as flounders, &c.,

which the fishei-men say they use these nets for, no pockets are
' required, as it is principally with the ebb tide

,
when flounders

' back ofi:' the feeding-grounds and are caught in these nets ; and
' as these fish all swim close to the bottom, if a net of not more
' than 3 feet high were erected in the form of a large without
' any pocket, it would catch as many flounders, in proportion to the
' quantity of nets used, as any paidle-net will do, and even that net
* should only be allowed on banks or scaurs, not in runners or
* channels. Further, two men, with a boat and flounder trawl-net,
* will catch more flounders in one tide than all the paidle-nets on
* the shore, and not a salmon could be caught in it ; therefore the
' paidle-nets, as used, are not the proper or best mode of taking
* white fish.'

The whole subject of these Paidle-nets was thoroughly examined
and sifted in the case of ' The Duke of Buccleuch and Others v.

' Lord Herries and Others, 10th December 1886 and Lord Tray-

lAer's interlocutor and observations throw so much light on the

matter that it seems desirable to (juote them at length :—The Lord
Ordinary, Lord Trayner, in giving judgment, read the following

opinion :
' The pursuers claim that the nets licensed by the

' defender Lord Herries, and used by the other defenders under
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' such license, are stake-nets, and being placed on the River Nith,
' or estuary thereof, are illegal

;
and, at all events, that said nets

' are erected and used by the defenders for the purpose and with
* the effect of capturing salmon, and fish of the salmon kind, to the
' prejudice and injury of their (the pursuers') rights of salmon-
' fishing in the River Nith. The defenders, on the other hand,
' maintain that the nets in question are in the waters of the Sol-
' way, and are not illegal ; that they are erected and used for the
' capture of white fish, and that the capture of salmon, or fish of
' the salmon kind, is only occasional and accidental ; and that, in
' any view, no injury is done to the pursuers' fishings, because any
' salmon captured by said nets are not fish which would go up the
' Nith. The proof led by the parties is conflicting to some extent,
* at least on every one of the points on which there is any contro-
* versy

;
but, notwithstanding that conflict, I have come to hold a

' very distinct opinion as to what is the truth of the matter regard-
' ing each of these points. 1. As to the character of the nets,—
' They are certainly not so large as the ordinary salmon stake-nets,
' but they are constructed on the same principle, and are, when
' covered by less than 3 or 4 feet of water, just as deadly. The
' evidence of Mr Young (an authority of great weight on such a
' matter) is, to my mind, conclusive, even were it not corroborated
' by other evidence. Mr Young says—" They are practically
' " miniature stake-nets, not having such great killing power as
' " ordinary stake-nets, from the stakes being lower, but, so far

' " as they go, they are nets on precisely the same principle, and
' " calculated to take salmon, and must inevitably take salmon,
' " until they have 3 or 4 feet of water over them." This evidence

proceeds upon an examination of the nets themselves, and not
' merely upon an examination of the model produced by the pur-
' suers. It is, therefore, not affected by any observations which
' may be made on the correctness or incorrectness of the model,
' although on that point I am of opinion that the correctness,
' generally speaking, of the model is quite sufficiently established.
' 2. The position of the nets.—This is shown on plan No. 22 of pro-
' cess; and on that plan and the evidence adduced in relation thereto
' I have no difficulty in coming to the conclusion that the defenders'
' nets are placed on the River Nith and estuary thereof, and within
' the limits of the district of the River Nith as fixed and defined by»

' the Commissioners acting under the Salmon Fisheries (Scotland)
' Act, 1862. 3. The purpose and effect of the nets.—There
* can be no doubt whatever as to the effect of the nets, as it is

' proved by the defenders themselves that they capture salmon
* and fish of the salmon kind. The extent to which such capture
* is made is perhaps the part of the case on which any serious
' difficulty arises, for on this the evidence is most conflicting.
* The evidence for the pursuers shows that a very large number
' of salmon and fish of the salmon kind are captured by the
' nets in question every season, and that the white fish captured
' by the same nets is very trifling both in extent and value.
* The defenders, on the other hand, give and lead evidence
' to the effect that the white fish is plentiful, is cajDtured in
' comparatively large quantities, and that the salmon and fish
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' of the salmon kind captured are comparatively few in number.
* I accept the evidence for the pursuers as the more correct

' view of the matter. The evidence adduced by them is that
' of persons, chiefly police constables, who speak from personal
' knowledge and observation, fortified by notes made at the
' time of their observations, and at the time reported to their

* superiors. They have no interest, so far as I can discover
* (and none was suggested by the defenders), to mis-state or

* exaggerate the result of their examination of the nets in

* question. That there may have been a mistake made either
* in their observation or in the witing out of their reports is,

* of course, possible. But I take their statement as to the
* number of salmon and fish of the salmon kind caught in

* those nets to be substantially correct. The defenders and
* their witnesses (fishers like themselves) are interested, and
' have an obvious motive for minimising the number of salmon
* caught, for on that (in one vicAv of the case) depends whether
' they are to be allowed to continue the use of the nets.

* Further, they all speak from memory, having kept no note
* which can now be produced of the salmon, or fish of the salmon
' kind, captured by their nets. They also, in my opinion, un-
' doubtedly exaggerate the quantity and value of the white fish

' taken by their nets, their motive for that being again obvious.
' The evidence given as to the capture of white fish by the
* defender Ferguson struck me as being very unsatisfactory,
' and any value to be put on his evidence is seriously damaged
* when that evidence is compared with his returns to the Fishery
* Board. I am prepared to accept it as proved that the Black-
* shaw Bank is fairly good feeding-ground for flounders and other
* white fish, and that such fish; especially flounders, are to be
' found there. But I am satisfied that if nothing was captured
* on that bank except the white fish to be foimd there, the whole
' nets would soon be discontinued ; indeed, would have been
' discontinued some time ago. I think also that the purpose
* for which the nets are erected and used is to catch salmon,
' and not white fish. Mr Young says :

—
" They (the nets) can

* " and do take flounders, but that does not suggest itself to me
' " as the reason of their existence. I think it is the ostensible
* " reason of their existence ; but the real reason is to take salmon.
' " That is a thing of which I am convinced from my examination
' " of them. If I were putting down salmon stake -nets on Black-
' " shaw Bank, and close to the channel of the Nith, I should
* " place them precisely in the same position as that occupied
' " by the paidle-nets." This view is corroborated by the fisher-

' men themselves. It appears that the site for the nets of the
' respective fishermen is obtained by their drawing lots for the
* choice. And it is clear that the choice is influenced by the
' fitness of the locality for the capture of salmon, and not white
' fish. Thus the witness Fleming (at one time a fisherman, and
* noAV a police constable), says :

—
" In choosing the sites of our

' " nets, my neighbours and I drew lots for the best places.
* " We were anxious to get a nice clean bank, and a gutter
* " from the foreshore, so that there would be something to
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* " gather the fish into the net. Our anxiety was not affected

' " by the white fish we could get." A statement so frank and
' explicit as that could hardly be expected from any of the
* present fishermen. But it is practically admitted by the de-
' fender Ferguson and by James Curran. Nor is it a matter
' for surprise that this should be so, because the white fish

* captured on Blackshaw Bank would never repay the fisherman
' for his expense and labour. He could not make a livelihood

' out of the white fish. I am of opinion, therefore—(1) that
' the nets in question are placed on the River Nith and estuary
' thereof, and not in the waters of the Solway

; (2) that being
' stake-nets they are illegal in the position in which they are
' placed; (3) that the nets are erected and used for the capture
' of salmon, and fish of the salmon kind, and are not hona-jide
' erected or used for the capture of white lish ; and (4) that
' the capture of salmon and fish of the salmon kind in said nets
' is to the injury and prejudice of the rights of the pursuers
' as proprietors of salmon-fishings in the River Nith. With regard
* to this last finding, I w^ould add that the defenders have failed

* to show that the salmon captured by them w^ould not in any
' case go up the Nith. The evidence in this matter is not very
' great on either side, but the preponderance of it is in favour
* of the pursuers. It was urged upon me that to order the
* removal of the nets in question, or to subject them to other
' restrictions than those already imposed by their licenses, would
' inflict great injury on the defenders, and deprive them of their
* means of livelihood by diminishing the take of white fish.

' I should be very sorry if this were so. As I have already
' said, I do not think the white fishing alone, even as the nets
' now exist, affords a livelihood for the fishermen ; but however
* that may be, if the nets are illegal, as I think they are, I
' have no alternative but to order their removal. Nor am I
' entitled to allow the fishermen to continue what they have
' been doing improperly to the detriment of the rights of others.
' The white fishing may still be carried on by nets of proper
' construction, and probably with more success, if the best places
* for white fishing are chosen instead of the best places for

' salmon. I was anxious to make a remit to some man of skill,

' in order to see if, and how, the white fishing could be carried
' on by fixed nets without injury to the pursuers' rights, and
' I would have done so had I seen my way to help the defenders
* effectually thereby. But, on consideration, I have thought it

* better to dispose of the case as presented on the evidence by
' both parties, as that decision does not in the least affect the
* defenders in the legitimate exercise of their right to fish for

* white fish. I wish to add, in conclusion, that the defender,
* Lord Herries, by the licenses issued by him from time to time,
' seems to have adopted any restrictive measures which a|»peared io
' him available to protect the rights of the pursuers from luicroach-
' mcnt or injury by the fishermen. His restrictions and con(fitions,
' however, I fear, nave been largely disregarded ; and it is open to
' doubt whether those who were charged with the duty of seeing
* those conditions and restrictions enforced have been as careful
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* and energetic in the performance of that duty as they might have
' been. His Lordship then pronounced the following interlocutor:
' —Edinburgh, 10th December 1886.—The Lord Ordinary having
' considered the cause with the proof adduced, and heard parties,
* Finds that the nets in question belonging to the defenders re-
* spectively are fixed stake-nets or paidle-nets, and are fixed and
' erected on the River Nith or estuary thereof, and upon the sands
' and shores between high and low water mark within the limits
' of the district of the River Nith, as defined by the Commissioners
' acting under the Salmon Fisheries (Scotland) Act, 1862 : Finds,
' therefore, that the said nets are illegal : Finds further, and
* se'pavdtim, that the said nets have been erected and used by the
* defenders (except the defender. Lord Herries) for the purpose of
' capturing salmon and fish of the salmon kind ; and that the
* capture of salmon and fish of the salmon kind by the said nets
' is injurious to the rights of the pursuers ; therefore ordains the
' defenders forthwith to remove the said nets erected and used
* by them as aforesaid

;
interdicts, prohibits, and discharges the

' defenders, and each of them, from erecting and using stake-nets,
* paidle-nets, or other fixed engines fitted to capture salmon or fish

' of the salmon kind on the River Nith or estuary thereof, or on
' the sands and shores between high and low water mark within the
* limits aforesaid, and decerns : Finds the defenders liable in
' expenses.' This interlocutor was not appealed, and being thus

final, must be considered to fix the law.

During the summer and autumn of 1890 Mr Young, the

Inspector of Salmon Fisheries, inspected the River Oude and the

Falls near Culfail, which prevent the ascent of salmon and sea-trout

to a considerable extent of good angling and spawning water, and
to a fine sheet of water called Loch Tralaig.

At Oban he met Mr Macarthur, Clerk to the Awe District Board,

and received from him a good deal of information concerning the

destructive form of salmon poaching, known as ' scringing,' so

common and so deadly in the vicinity of Oban, in the Sound of

Mull, and in other localities on the West Coast. Mr Macarthur
stated that the ' scringers ' have now six boats instead of eight,

and expressed his opinion that if a steam-launch were got, main-
tained jointly by the District Boards of the Awe and the Lochy,

and the scringers harassed and hunted by it for one or two seasons,

they would probably be compelled to give up their depredations.

The Inspector agrees in this opinion.

The Inspector afterwards visited the Falls near Ledmore Farm-
house, a tributary of the Aros River, in the Island of Mull, which
at present, to a great extent, prevent salmon and sea-trout from

reaching the wide expanse of Loch Frisa, the largest sheet of

fresh water in Mull. By an expenditure of £50 at the outside,

these falls could be rendered perfectly accessible.

From Mull, the Inspector proceeded to Luss on Lochlomond, and
inspected the lower part of the Loch and the Rivers Douglas, Luss,

and Endrick, including the Falls of Gartness on the latter. The
sea-trout and salmon fishing on the lower part of Lochlomond was
unusually good last summer and autumn, the sea-trout being not

only numerous but large. This is somewhat remarkable, consider-



Report on Salmon Fisheries. xxvii

ing the manifold pollutions of the Leven, the sole effluent of the

Lake, only one of the numerous print-works on its banks making
any attempt to purify the polluted water before returning it to the

river. There is no District Board for the Clyde and Leven, and.

apparently, no chance of one being formed.

In the end of July, Mr Young carefully inspected the Tyne from River Tvne.

the Town of Haddington down to the sea, specially examining the

picturesque falls at East Linton, which form a serious obstruction to

ascending fish. The Tyne is a very good river for yellow^ trout

;

but there seems some doubt whether it is, at present, a salmon

river or a bull-trout river, like the Coquet in Northumberland.
The evidence laid before the Inspector upon this point was some-
what unsatisfactory and conflicting.

In August, the Inspector visited the Rivers Ythan and Ugie, Rivers Ythan

and met with the Clerks to their District Boards. These are '''"'^ ^s^^'

the latest salmon rivers on the east coast. He also met Mr
Wilsone, Clerk to the District Boards of the important Rivers

Dee and Don. All these Boards, as well as the Board of the North
Esk, are strongly opposed to any proposal to grant licenses to fisher-

men to fish with hang-nets in the narrow seas belonging to the

Crown. There has been no change in the obstructions on the Don
since the Inspector reported on them last.

At Dingwall, the Inspector met Mr Mackenzie, Clerk to the Conon River Conon.

District Board, and along with him and the water-bailifl", inspected

the Falls of Orrin and the Falls of the Conon. As the Brahan
Cruives, which are leased by Mr Stirling of Muirton, had been
kept open all the year, there were an immense number of salmon
in the river above them, a very different state of matters from
some years ago, when the cruives were used all through the fishing-

season for killing fish, and the sweep-net was regularly worked
besides in the pool below the cruive dyke.

With regard to the opening up of the Falls of the Conon, the

Board would beg to direct attention to the following extract from
the Report of the Committee of 1890 on Crown Rights in Scottish

Salmon Fisheries :

—

' The Commissioners of Woods and Forests
' mentioned to us the case of a proposal by the riparian proprietors
' on the Conon, where there is a natural rock obstruction, to pur-
' chase from the Crown the right of salmon fishing, and that they
' would then remove the obstruction. For this the proprietors,
* having unchartered waters, have arranged together to offer the
* slump sum of £1000. It is stated that, by the removal of that
' obstruction, a large breeding-ground both of river and lake water
' would be opened up, and the Inspector of Salmon Fisheries for
' Scotland, who is well acquainted with the district, strongly
' approves of the proposal. But after the discussion in the House
' of Commons last session upon the Morar case, the Commis-
* sioners, in consecpience of the remarks then made, have delayed
' completing the sale until it had been considered by us. We are
' of opinion that if the Secretary for Scotland; after due inquiry,
' approves of the proposals, the Commissioners should carry out
' the sale to the riparian proprietors as proposed.'
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fn^h^in Looh
above was in pritit the Inspector of Salmon Fisheries

Tay'irfi89i7or has received from Mr Dtmn, Factor to the Marqtiis of Brigade Ibane,

before n^ithi
^ ntimber and weight of sahnon captured in Loch Tay

season coiu"^ in 1891, between the 15th January and the 1 1th February. As
nienoes. this is thc first year since the Tay w-as opened for angling for fidly

thi-ee weeks before the commencement of the netting season, it is

thought that the following Table of the number and weight of thc

catch may be inter esting :

—

Number and Weight of Salmon caught on Loch Tay from

15th January to 11th February 1891, inclusive.

No. of Salmon. Weight in lbs. Average W'eight.

81 1470 18-2 lbs.

Mr Dunn writes as follows with regard to the above Return :

—

I may mention that the River and Loch were very low at the

time of opening, owing to the long-continued frost, and the season

can hardly be looked upon as a fair test.'
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REPORT.

In the beginning of July last, by the direction of the Board, I inspected The Aros,

the River Aros and its tributary the Ledrnore Burn, which runs out of
pJJg^a Osland'^

Loch Frisa, the largest shv-et of fresh water in the island of Mull, the of Mull),

proprietors on the loch being desirous to enable salmon to ascend from

the sea into the loch. liOch Frisa is 5 miles long, with an average

breadth of f of a mile, and is little more than 3 miles distant from the

sea, with only one obstruction of any consequence to prevent the ascent

of the migratory salmonidse ; and yet, so far as I could learn, salmon

have never been caught in the loch, and sea trout but rarely. The pro-

prietors on the banks of Loch Frisa are jiaturally anxious to open up this

fine expanse of water to salmon and sea trout, but it is obvious that it is

not their interest to do so, even if the expense to be incurred is but a

slight one, if the result he that the fishings to be opened up can be

claimed by the Crown. I am informed that only one ri})arian proprietor

on the Aros and Loch Frisa possesses a title to salmon fishings ; and if

this is the case, the other proprietors who have no such title can scarcely

be expected to incur any expense to enable salmon to reach Loch Frisa,

unless they can get a title to Salmon Fishing from the Crown.
I walked from Aros Hotel to Ledmore Farm-house, on the tributary of

the Aros that runs out of Loch Frisa. The fall that prevents or impedes

the migratory salmonidse from having a free entrance into Loch Frisa is

situated just behind the farm-house, a few hundred yards from the foot of

the loch. Close to the fall there are, on the left bank of the stream, the

fragments of an old mill-wheel. At present there is no mill in connection

with the fall. The fall is really not a very serious obstruction, and an
outlay of about £25 would probably make it quite passable for salmon.

On the right bank of the Ledmore Burn is the larger and more per-

pendicular part of the fall, with the principal pool at the foot of it.

Over the rock, on the left bank, close to the remains of the old mill-

wheel, runs the lesser portion of the stream, which is rather a rapid than

a fall. 1 have often seen salmon surmount much more formidable ob-

structions than this. But still the fact remains that there are no salmon
in Loch Frisa, and but few sea trout. What is the reason ? There is

everything to attract the migratory salmonidne in the latter portion of the

season, and nothing to repel them excei)t this fall. As I have already

stated, the easiest passage for ascending fish is through the rapid on the

left bank of the stream, near the old mill-wheel. But the larger body of

vvater passes over the more perpendicular rock on the right bank. I

think it would be advisable to stop up this latter branch, and direct the

water from it into the rapid on the left bank ; also to erect a subsidiary

S. F. d
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dam about 4 feet in height, so as to raise the water on the face of the

main fall, and form a large pool at the foot of it. If this were done

—

and the cost would be but trifling—I have no doubt that salmon would
be able to reach Loch Frisa when the river was in such a state as to in-

duce them to run. But, as supplementary to this opening up of the fall,

I would venture to suggest that salmon fry should be put into some of

the feeders of Loch Frisa, as when these grew up into smolts, and went
down to the sea, natural instinct would induce them to return to the

streams where they had been bred.

I returned to the falls the day after I had inspected them, in order

to meet one of the proprietors interested in having Loch Frisa oi)ened

up. I pointed out to him that a transverse dam should be nuide above

the falls across to the right bank, so as to prevent the water from going

over the perpendicular rock on the right bank, and to divert all the

water into the rapid on the left bank ; also that a subsidiary dam should

be made across the narrow part of the stream, opposite to where some
palings come down to the edge of the burn, in a line with a wall ; also

that it would be advisable to pool the shallow, stony, streamy part of

the burn between the falls and where it emerges fiom a patch of wood-

land. I farther suggested that it was possible that salmon at present,

instead of ascending the Ledmore Burn, went up the larger stream of the

Aros, above the junction of the Aros and the Ledmore Burn, and that it

might be desirable, with the consent of the upper proprietors on the Aros,

to put a heck or grating on the Aros, above the junction, with the view

of diverting ascending fish into the Ledmore Burn, and so into Loch
Frisa. The gentleman, whom I had the pleasure of meeting at the falls,

told me that the largest yellow trout ever caught in Loch Frisa, so far

as he knew, weighed 2 lbs. The trout are in general small, but of fine

quality and flavour. He once killed a sea trout of 3^ lbs. in Loch
Frisa, but he has never seen nor caught a salmon in it. He, however,

once heard a very old man say that he had killed salmon in it in his

youth. It is somewhat strange that the Ordnance Gazetteer^ under the

head of Loch Frisa (Frisa), states that ' it contains salmon, grilse, and
' trout in abundance.'*

From the falls I walked down the whole course of the Ledmore Burn to

its junction with the Aros, and from thence to where the Aros joins the

sea. Both the Aros and the Ledmore Burn are perfectly pure and unpol-

luted, and have abundance of good spawning ground. It is strange,

therefore, that salmon do not strive to get into the grand natural reservoir

of Loch Frisa. There are only two obstructions of any consequence in

their way. One on the Aros, about a mile above the old bridge near the

sea, where there is a fall, and where a broad flat rock with some bushes

growing on its down stream face, divides the fall. But, on either side of

this rock, salmon can easily get up, when the river is in such a state as to

induce them to run. Above this the only other obstruction is the fall on
the burn behind Ledmore Farm-house, already fully described, which an

outlay of £20 or £25 would make easily passable.

I have received answers to the printed queries from ^laclaiue of

Maclalne^^^"^
Lochbuie, who, besides being a large proprietor of salmon fisheries in

Lochbuie Mull, is an experienced and successful pisciculturist.

about salmon He states that in his district 2600 salmon were caught in fixed nets

RIuiT^^^^
and 30 by rods in 1890. The heaviest salmon caught by nets was

* Since the above was in print, I have learned from one unimpeachable witness, well

acquainted with the district, that he once saw a salmon taken out of the Ledmore
Burn above the Falls, and between them and Loch Frisa ; and on the same occasion

he saw another salmon run from the burn into the loch. But this is very rare.
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42 lbs., and by rod 15 lbs. The fishery bye-laws are not strictly

observed. He is satisfied with the period for net fishing, but thinks

that the rod fishing season should terminate on 20th September instead

of 31st October as at present, and he states that his hatchery is filled

with ova by the middle of September.

With regard to protection, he writes that it is most insufficient :
—

There is no water-bailiff or coastguardsman. In fact, there is absolutely no
one looking after the fisheries. It is simply disgraceful.

Under the head of ' Illegal Fishing ' he denounces the practice of
' scringing.' He declares that

—

There are no prosecutions whatever, although boats were caught with fish

going into Oban. The police and Fishery Board ofiicers said they had no
power to interfere.

With reference to ' Natural Obstructions,' he mentions the ' Lussa
Falls,' which I had the honour of bringing under the notice of the

Board in my Fourth Annual Report, and states that there are ' magnifi-
' cent spawning beds above them.' He thinks that the District Fishery

Boards should 'have full power to improve fish-passes everywhere.'

Concerning hatcheries he writes :

—

I have a private hatchery. It has done excellent work in improving the
fisheries. Upwards of 50,000 ova can be reared in the hatchery. The
Government should encourage all private and public enterprise with regard to

the hatching of salmonidce.

With reference to the proportion of male to female salmon, he estimates

it at three females to one male. Lastly, in answer to the general

question, he writes as follows :

—

If ' scringing ' is not put an end to at once salmonidce of all varieties will be
a thing of the past on the West Coast. These poachers come at night with
muffled oars and steal salmon out of the bag-nets. There should be a license
for both catching and the sale of salmon, and any person exposing salmonidce
for sale without a license should be prosecuted. Also, all fishermen having
salmonidce in their possession without a legal salmon mesh-net should be
prosecuted. Powerful steam launches should also be provided by Govern-
ment and manned by coastguardsmen, to see that the weekly close time is pro-
perly carried out at the different salmon stations. The steam-launch would
also be useful in pursuing the scringers.*

At Oban I met Mr Macarthur, Clerk to the Awe District Board, and The River

he informed me that, since the reconstitution of the Awe District Board, District,

scringing has somewhat diminished, and that there are now only six boats
belonging to the scringers, instead of eight. He thinks that they might
be put down by a swift steam launch, maintained at the joint expense of
the Awe District Board and the District Board of the River Lochy, the
latter paying the greater portion of the expense.

In his answers to the printed queries, Mr Macarthur writes that last

year

—

There was a decided falling off in the quantity of fish taken in the Awe dis-
trict. Very few salmon were taken, the (quantity of grilse was much as usual.
This is generally ascril)ed to the fact that during the spring and early summer
months of 1889 the nets at the foot of the River Awe took immense hauls of
fish, as the river was so small the fish could not get past the nets.

* For a full account of 'scringing' for salmon and sea trout on the West Coast
see my Third Report to the Boaid, pp. 166-169.

*
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Answers from
Lochy and
Spean District

Board.

Loch Lomond,
its tributary
streams, and
its elfluent

the Leven.

About statistics he says :

—

There is no means of giving approximately the quantities. The lessees

conceal the statistics, and the tish go to market by such divers ways.

The rivers in the district he states to be fairly well protected.

The mischief is chiefly done by scringing in the bays of the sea at night.

He is satisfied, on the whole, with the annual close time, but thinks

that nets at the mouths of rivers like the Awe should be taken off two

days in the week.

Concerning natural obstructions he writes :

—

There is one river, the Avich, which has been inspected and reported on by
the inspector. The difficulty of getting the right of salmon fishing alone stands in

the way of the ^owprietors getting the obstructions removed*

With regard to the neighbouring District Board of the Rivers Lochy
and Spean, the Chairman, Lord Abinger, sends in answers. Respecting

close times he writes :

—

As has been suggested before, a small steam launch would assist very greatly

in enforcing the ol)servance of the bye-laws by stake, fly, and bag-net fishers,

and in preventing poaching by net and coble. The police, coastguard, and the

preventive service men should also be called on to assist.

He enumerates the natural obstructions in the district—(1) Mounessie,

which, he states, can be easily removed, also the obstructions below
; (2)

Inverlair can be removed at considerable cost. Is in favour of giving coui-

pulsory powers to District Boards to remove or render passable such

obstructions under conditions and restrictions. In answer to the 'general

question,' he would suggest that

—

Fishermen, dealers, or others having salmon or fish of the salmon kind in

their possession, should be obliged to give an account to watchers or other

persons in authority of how the fish came into their possession, and tlmt

dealers or shopkeepers should be obliged to keep a book, like game dealers, in

which their purchases are entered, and from whom. This to apply to all

seasons of the year, and the legal presumption to be against the possessor of the

salmon or fish of the salmon kind.

In July last I inspected the w^ider and shallower part of Loch Lomond
which lies below Luss and Rowardennan, where the fishing, both for

yellow trout and the migratory salmonidse is best. I also inspected the

Endrick, the largest stream which flows into the loch, and the Luss and
the Douglas Water.

Loch Lomond is 23 miles in length and 6 miles wide in the broadest

part. But, above Luss, it narrows, until, in some places near the head,

it is less than half-a-mile wide. It covers an area of 21,000 acres. It

receives a multitude of tributary streams, of which the largest are the

Falloch at the head, and the Endrick at the foot. The loch is only 23

feet above the level of the sea, and it discharges its superfluous waters

through the wide stream of the Leven, which, counting by the windings

of the water, is 7 miles long, and up which the tide flows for about 3

miles. The depth of the loch varies greatly. South of Luss it seldom
reaches 20 fathoms. But farther north, in some of the narrower parts,

it is 96 fathoms ; and off Culness—the deepest point—it is 105 fathoms.

The best fishing is in the wider and shallower portions below Luss and
Rowardennan. Salmon and sea trout used to be very plentiful and cheap

in the Leven and in Loch Lomond. But print-works and their accom-

* For a full description of the ohstructions on the Avich, which flows out of Loch
Avich into Loch Awe, see my Sixth Report to the Board, pp. 55-56.
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paniments of pollution have changed this for the worse. In The Book
of Dumbarton we are told that, in the latter part of the 18th century,

the magistrates and council of Dumbarton leased the Salmon Fishings in

the Clyde and Leven to the different incorporations at £24, 10s. yearly,

with a stipulation that the inhabitants were to be supplied with salmon
and trout at 2d. per tron pound from the beginning to the middle of the

season, and at IJd. from the middle of the season to the end. In 1794
the fishings were let to an English company for £106 per annum.
Even in the last decade of the 18th century salmon seem to have been

comparatively plentiful and cheap, as we are told in Sir John Sinclair's

Statistical Account of Scotland that :

—

Salmon and trout are taken in large quantities. The former frequently sells

so high as Is. 6d. per pound tron on the spot, seldom falls below 6d., and never
below 4d. Through the whole spring season the Leven salmon is excellent, but
the Clyde is not fished before Whitsunday. Trout generally sells at 4d. per
pound.

Last year, as will be stated more fully further on, the rod-fishing on
Loch Lomond was unusually good, as there was no netting in the Leven.

But it seems quite clear to me that, if the Leven were let for netting and
was netted severely, as it would probably be by the lessee of the fishings,

the combination of netting with the manifold pollutions from the print-

works on the Leven, would entirely ruin the salmon and sea trout angling

in Loch Lomond until the close of the netting season,—that is until the

27th August. Surely the lovers of angling in the great capital of the

west might come to some arrangement with the proprietors of the Leven
which would prevent the possibility of such a catastrophe. How much
the fisliing for the migratory salmonidae in Loch Lomond depends on their

having free access through the Leven, may be gathered from the following

passage from the account of the parish of Buchanan in the first Statistical

Account of Scotland. ' Salmon,' says the writer

—

Was more plentiful last year on this (the Buchanan side of the loch) than
for many years past, owing to the stakes and nets upon the mouth of the Leven,
to prevent the fish from coming up, being removed.

About five minutes walk from the hotel at Luss, and not far from the Obstructive

mouth of the Luss River, there is a formidable dam with a very inefficient ^^^^^

fish-pass on it, which seriously obstructs the passage of salmon and sea

trout to the excellent spawning beds above. The dam is about 8 feet in

perpendicular height, and there is no heck either on the intake or the tail-

lade connected with it.

This dam might easily and at small expense, not exceeding £20,
be made passable for salmon. The best plan, in my opinion, would be to

construct a partial subsidiary dam 3 or 3| feet in height, stretching from
the second wooden strut on the main dam, counting from the right bank
of the river to the first alder bush on the right l»ank below the main
dam. There is a cut into the crest of the dam at present close to the right

bank, which lowers the height about 3 feet, and there is a sloping, smooth
wooden shoot, with wooden sides, just above a perpendicular jump of 5

feet from the water below, up which it is said sea trout occasionally

ascend when the water is high. The construction of the subsidiary dam
which I recommend would give an easy jump to the foot of this shoot.

But, us a surface of smooth wooden planking is about the worst thing

possible for a tish to surmount, it would be advisable to nail upon it, at

intervals of 6 inches, small cross pieces of wood a couple of inches high
to roughen the surface of the shoot and break the velocity of the water.
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Answers to

the Printed

Hotel.

Douglas From Luss I drove 3 miles along the shores of Loch Lomond to
"Water.

Inverbeg Inn, near the mouth of the Douglas Water—a stream consider-

ably larger than tlie Luss—which flows for several miles through a

picturesque wooded valley called Glen Douglas. I walked up this glen

for some miles, first to the falls, and then along the stream for some dis-

tance above the falls. These tails form a complete barrier to the upward
progress of ascending fish. There is excellent spawning ground above

them. First, there is a broken fall of about 10 feet, then a long, narrow,

foaming, whirling rapid for 30 yards, in which the whole volume of the

river is contracted and pent up. No fish could face this
;
and, as the

banks on both sides consist of perpendicular rocks, there is no way of

getting round the fall. Below the falls there is a grand, deep, dark,

circular pool ; then a long and comparatively narrow pool
;
and, lastly, a

third deep, dark, circular pool. 1 could not ascertain whether or not

salmon had ever been caught or seen in any of these pools, but sea trout

have been frequently captured.

It would be a troublesome and costly experiment to make the falls on
the Douglas passable for salmon, and the additional spawning ground

thereby opened up would be a very inadequate return for the expense

incuired.

Luss is perhaps the best fishing station on Loch Lomond, and during

the summer and autunm months it is generally thronged with anglers.

MacNab of
^^^^ wonderful beauty of its surroundings in lake and streams and

the Luss mountains, together with its accessibility from Glasgow, would make it

popular and sought after even if there was no angling to be had. I have

been favoured with answers to the printed queries from Mr M'Nab, the

landlord of the Luss Hotel. He states that the numbers of salmon

and sea trout have increased, oicing to the nets being kept off the River

Ij€ven. But he thinks that they have to some extent driven off the

yellow trout.

The heaviest salmon caught in 1890 was 19| lbs., the heaviest sea

trout 7 1 lbs., and the heaviest yellow trout 4 lbs. He is unable to give

the number and weight of the fish caught by the rod from his hotel in

1890. The first clean salmon was caught in May and the first clean sea

trout in IVIarch. The grilse come up about the middle of July at the

earliest, and the main take is in July and August. The best months for

yellow trout fishing are April, May, and June. The average weight of

the trout is much about the same as it has been for some time past.

Last year Mr M'Nab hatched out 8000 or 10,000 salmon ova. But
this year, as he understands that the Leven is to be let for net-fishing,

he has no interest to do so.

With regard to a close time and gauge for trout, he writes :

—

An annual close time is not specially called for here, as there are no anglers

out after the beginning of October, and few fish are brought out under at least

6 inches.

As to watching, he considers that the waters are, on the whole,

effectually protected.

The Endrick is the largest stream that flows into Loch Lomond. Its

course is chiefly in Stirlingshire, but partly also in Dumbartonshire. It

is formed, about 4 miles from the village of Kippen, by the confluence of

Gourlays Burn and Burnfoot Burn, which rise in the Gargunnock Hills,

more than 1400 feet above the level of the sea. The Endrick has a very

winding course—29 miles from the confluence of these burns to where it

falls into the foot of Loch Lomond; yet the distance is only 15J miles

as the crow flies. Its chief tributary is the Blane.

luspection of

lUver Endrick
and Falls at
Gartness.
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Richard Franck, in his Northern Memoirs (1694), speaks of it as

—

The memorable Aiiderwick, a rapid river of strong and stiff streams, whose
fertile banks refresh the borderer, and whose fords, if well examined, are

arguments to convince the angler of trout, as are her deeps, when consulted,

the noble race and treasure of salmon, or demonstrate his ignorance in the art

of angling.

In the account of the parish of St Ninians in the Old Statistical Account

of Scotland^ there is mentioned * the water of Endrick, famous for its

' trouts.' The trout fishing in the Endrick and many of its tributaries is

still excellent, but the salmon fishing has greatly fallen off.

There is a considerable natural obstruction on the Endrick at Gartness,

about 7 miles in a straight line from the mouth of the river, but probably

double that distance following the course of the stream, which, after it

enters the parish of Buchanan, flows, in beautiful curves and windings,

through the fertile haughs of Buchanan and Kilmaronock, till it joins

Loch Lomond.
At Gartness, the channel of the Endrick, for about a quarter of a mile Falls at Gart-

is scooped out of the solid rock, and the vexed waters have to force their iiess.

way over a series of precipices. When I inspected the falls the river was
low, so that I had a good opportunity of studying their character. They
are formed by a series of ledges of rock stretching across the stream, and
varying in height from 10 to 5 feet. There is a large, dark, circular

pool below the falls, in some places 20 feet deep. The lowest part of

the rocks is at about the centre of the river. But here there is a project-

ing ledge overhanging the pool below, so that salmon, in attempting to

get up, knock their heads against this and fall back. This ledge and
another close to it should certainly be blasted off. I saw several

salmon and sea trout rising in the pool below the falls ; and the miller

who has the mill on the right bank, and Gordon, the river watcher, told

me that, in the back end of the season, there are sometimes hundreds of

salmon in the pool—big fish, from 15 to 30 lbs.—vainly striving to

surmount the falls. There are a dozen miles of good angling and spawn-
ing water between Gartness and the * Loup of Fintry,' from which salmon
are thus excluded. At the ' Loup of Fintry ' the Endrick falls over a

nearly perpendicular rock, 60 feet in height, which, of course, entirely

bars the farther progress of fish.

At Gartness, the chief fall is on the left bank of the river. It is 7 or

8 feet in height, and there is a heavy body of water coming down even
when the stream is low. Rather more than half way up there is a large,

flat ledge of rock, which the salmon often reach in attempting to get over,

but they almost always fall back. Possibly, if a resting pool were
excavated in this ledge, salmon might reach it, and from it jump into the

water above the falls. It would be a great improvement to blast out the

rock above this flat ledge.

A subsidiary dam might be formed across the narrowest part of the

river below the pool beneath the fall, so as to raise the water on the

face of the falls. But the objection to this is, that such a subsidiary dam
would force back the water on the tail-lade and the wheel belonging to

the mill on the right bank of tlie river, and so interfere with the miller's

rights.

I was informed that the proi)rietors of the falls at Gartness are Mr
Govan of Park and Mr Blackburn of Killearn.

The falls at Gartness are graphically described as follows in the Old Statistical

Account:—The pot of Gartness in the water of Endrick has, tor its ])eauty and
ingularity, always attracted the attention of strangers. It is a deep linn



12 Appendices to Ninth Annual Report

shaped like a cauldron or pot, whence the origin of the name. It is occasioned

by the fall of the water over a rock that lies across the river ; the fall is not
perpendicular, but is interrupted by three or four breaks. This romantic and
well-known spot affords no little entertainment to the angler, as the salmon
and trout from Loch Lomond, being frequently unable to force their way over

the rock, which requires three or four great leaps quickly made, are detained in

the linn and taken sometimes in great quantities.

On the left bank, below Gartness, the Endrick is joined by three tribu-

tary streams, the Blane, the Gatter Burn, and the Finnich, all of which are

good trouting streams, and are occasionally ascended by salmon. I was
informed that the trout in the Endrick itself are numerous, and run about

four to the pound, though they are occasionally caught as heavy as two
and three pounds. The village of Drymen, about 3 miles from Gartness

Falls, where there is a pheasant-looking country inn, would be a good
centre for trout fishing in the Endrick and its tributary streams.

Answers to Mr Brown, wlio was formerly Secretary to the Loch Lomond Angling
PrintedQueries Association, and who is the author of a book on the Mollusca of the Clyde,

LoclfToinond writes as follows about the take of fish in the Loch Lomond and Leven
andtheLeven, district during 1890 :

—

by Mr Alfred
. i , -, , . t t

Brown. The netting season, he states, generally was a bad one, although he is unable

to give the number of fish netted. With regard to the number of fish captured

by the rod, he writes that about 50 salmon were taken chiefly in Loch Lomond,
and from 6(X) t<j 700 sea trout. The heaviest salmon weighed 20| lbs., and the

next heaviest 14j lbs. The close time was strictly observed. But there is no
District Board for the Clyde and Leven, and the protection is of a very insuffi-

cient character both as regards the estuary and the spawning beds.

With reference to obstructions to the ascent of salmon in the rivers in

the district, he mentions the thoroughly inefficient pass on the dam near

the mouth of the Luss River, the falls on the Douglas and Fallocli, and
those at Gnrtness on the Endrick ; and he ex{)resses his opinion that com-

pulsory powers should be given to the Fi.shery Board for Scotland to open

uj) such obstructions, subject to an appeal to the Sheriff on the point of

compensation.

The pollution in the Leven continues as bad as ever.

Mr Brown states that last year he, for the first time, observed fish with

the fungoid disease.

The size, of the sea trout in Loch Lomond last year was remarkable.

Mr Brown's own average was -3 lbs. per tish ; and on three occasions he had
5 sea trout to his owu rod weighing 241 lbs., 23| lbs., and 19| lbs.

There has been no such fishing for 12 years.

Mr David B. MacGregor, Secretary to the Trout Preservation Associa-

tion of Glasgow, gives the following interesting answers to the printed

queries :

—

The Trout Preservation Association does not take any supervision of streams

or lochs frequented by salmon, the object being for the proper protection of

yellow trout during the spawning season, and for killing jjike in the various

waters over which the control extends. These waters are—(1) Loch Ard, (2)

Loch Chon, (3) Lochs Katrine and Achray, (4) tiead of Loch Lotnond ; and

(5) the streams falling into these lochs. The efforts of the Association have re-

sulted in the killing of a large number of pike and of increasing the number
of trout in these waters. The Association is uj^held by voluntary subscrip-

tions, a payment of ,£1, Is. per annum constituting meml)ership.

Close Time.

Those who observe the habits of yellow trout know (1) that nature provides

the necessary close time for these fish, as they get into a state of torpor during
winter, and will not take either fly or bait, while the Act 23 and 24 Vic, 1860,

provides penalties for illegal fishing ; and (2) that the deadliest enemy of
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salmon parr is yellow trout, ' little sharks ' on the salmon spawning beds and
for tlie year during which the young of salmon are par.

Protection.

The Association employs four watchers, who commence their duties about the

middle of October, and continue till about the middle of December ; and during
seventeen years it has been found that poaching or illegal fishing has not been
common in the districts supervised. Four pike-netters are also annually em-
ployed, who commence work about the middle of February and continue till

the end of April, being the period durinpj which pike betake themselves to

bays for the purpose of spawning, when they are most easily captured. The
number of pike caj)tured by these netters last year was as follows :

—

Pike Weight,
caught. lbs.

On Lochs Ard and Chon ... 45 355

„ Loch Katrine 142 907

„ Loch Lomond (head) ... 78 564

„ „ (Luss) ... 191 1224

Total 456 3050

Propagation of Fish.

Natural spawning is in all cases considered best, and in the estimation of the

Association artificial means should oidy be resorted to in extreme cases.

Wild Birds Protection Act, 1880.

Trout spawn in small streams, where the young trout are easily caught by
wild birds during the drought of summer, and this applies particularly to all

Highland lochs where the streams dry up, leaving only pools quite full of

young fish. Watchers should have full power to shoot wild birds when seen

in the vicinity of streams.*

In the end of June last I inspected the river Oude, which runs into Inspection of

the head of Loch Melfort, through the beautiful Pass of Melfort, and
^j^^^L^^jJ'^^

Loch Tralaig, from which it flows.
Tralai«^^

The lower ])art of the Oude is frequented by salmon, and near its

junction with Loch Melfort there are some capital pools, which have
been created or greatly improved by artificial means ; and in the end
of last century there was a regular salmon fishing station upon Loch
Melfort itself, where tlie Oude joins the si^u. But, about a mile-and-a-

lialf up the river, there is a considerable waterfall which entirely pre-

vents the ascent of salmon into the upper river and into Loch Tralaig,

the fine natural reservoir from which it flows.

This fall is not far from Culfail Hotel, and the descent to it from the

high road is very precipitous. The fall is at least 12 feel in height.

The pool below it supplies a mill, and the intake-lade is at the corner of

the pool. Between the lower part of the pool and the fall there is a

large mass of boulders, forming a sort of island in the centre of the pool,

which might easily be extended so as to form a subsidiary dani, raising

the water 5 feet on the face of the main fall. Then, the stream which
flows over the central part of the fall should be deepened, beginning
30 yards above the fall, and blasted out towards the top of the fall ; and
if this were judiciously and thoroughly done, I think that salmon might
get up.

Another plan would be—still keeping the subsidiary dam—to deepen
and widen a channel on the left bank of the stream, which at present is

* A copy ol the queries addressed to District Boards, and to hotel-keepers having
salmon or trout fisliings attached to their hotels, forms Note IL to this Report.
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Mr M'Fadyen'
answers to

Printed
Queries with
reference to

River Oude
and lochs

attached to

Culfail Hotel.

a sort of imperfect natural salmon-ladder, and possibly this might prove

to be the cheapest way.

Mr M'Fadyen, the enterprising and energetic landlord of Culfail

Hotel, told me that he Avas willing to subscribe £50 towards the opening

up^of the fall and Loch Tralaig. The fall belongs to Mr M'Lennan,
the owner of Melfort House, and the greater part of the river above

the falls and the whole of Loch Tralaig belong to the Marquis of

Breadalbane.

Above the fall the channel of the Oude for about half-a-mile is very

rocky and full of great boulders. There are few lies for fish, and a

number of rapids. Above this there is some fine spawning ground, and
between the rocky part of the river and Loch Tralaig there are at least

twenty good pools in the two miles of the river that belong to the

Marquis of Breadalbane
;
and, in this part of the river, there is also

abundance of fine gravelly spawning-ground. Mr M'Lennan's part of

the river above the fall is not nearly so good. Loch Tralaig itself is a

fine sheet of water, fully a mile long and from a quarter to three-

quarters-of-a-mile wide. It has a large burn falling into the head of it.

I have answers to the printed queries from Mr M'Fadyen of the

Culfail Hotel v/ith reference to the river Oude and the numerous
trouting lochs attached to his hotel. He states that the yellow trout in

the lochs have increased, as the district is very thinly peopled, and the

anglers coming to Culfail Hotel are not sufficient to diminish the

numbers of the trout. The number of trout caught by anglers from his

hotel in 1890 was about 2800, of the average weight of four to the

pound. The heaviest yellow trout taken was 2J lbs. The chief take is

in the month of August. The average weight is getting smaller, because

the numbers are increasing, and there is not enough of feeding. Yet Mr
MTadyen has stocked the lochs every year for the last ten years with

Loch Leven trout and American brook trout. There is no gauge, but a

close time is enforced from the end of September. There is no illegal

fishing, as the lochs are well watched. AVith regard to the waterfall on
the Oude, Mr M'Fadyen writes :

—

I think Government ought to have the power of blasting any obstructions

or waterfalls that prevent salmon getting to good spawning ground.

He is in favour of repealing the * Wild Birds Protection Act, 1890,' as

regards Scotland.

River Don. I was in Aberdeen in August last, in order to meet the Clerks to the

Dee and Don District Boards, with reference to the recommendations
contained in the Keport of the Committee on Crown Rights in Salmon
Fisheries in Scotland, especially that recommending tliat local fishermen

should be allowed to use nets for the capture of salmon on suitable parts

of the coast on payment of a license ; and while there I was glad to

learn that Mugiemoss dam, one of the most objectionable artificial

obstructions on the Don, is to be greatly improved. The apron of the

dam was formerly about 100 feet long—more than twice the length it

was originally—and salmon had to be lifted over the dam by the river

watchers, as the so-called fish-pass was practically useless as a means of

facilitating the ascent of salmon. But I was informed that the pass

is now to be reduced to 46 feet in length, and is to have a resting pool

in the centre.

Answers Gordon of Manar, an upper proprietor on the Don, has sent me
to Printed answers to the printed queries, which certainly do not give a rosy view

Gordon'of^
position of the upper proprietors, owing to the cruives and dams

Manar. which block up the lower course of the river :

—
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The number of salmon, he writes, taken in my district is decreasing every

year. I have no doubt that the cause of this is the increased difficulty the

fish have in getting up the river, owing to the impassable state of the passes

on Mugiemoss and Pirrie's dykes, the mills taking often all, and, except in a

spate, most of the water through their mill-lades. Also to the over netting

and netting too close to the foot of these dykes, where the fish rest in

hundreds, unable to get up even in the close season. The salmon passes are

often quite dry.

Concerning the ciuives, he writes :

—

The cruives of Don are worked, so far as we can know, according to the

regulations ; but I hold that the pool below, where the net is in constant use,

is illegal, being partly an artificial pool to make the fish rest. I also think
that the net is used too close to the cruive boxes.

The Don, he states, is still very much polluted by the different mills,

and the water is often like soap-suds, and smells badly. The pollutions,

lie says, are increasing The salmon disease has shown itself for many
years on the river, and it attacks everything—kelts and clean fish, and
even smolts and eels.

He makes the following remarks about the weekly close time :

—

I may mention that we, upper proprietors on the Don, do not have the full

advantage of the weekly close time, as the two big mills (Mugiemoss and
Stoneywood), where there are impassable dykes, unless there is a spate, owing
to the mills taking all the water through their lades, work up to twelve o'clock

on Saturday night, and begin at twelve o'clock on Sunday night, so that the
w^ater is shut off from the mills only twenty-four hours instead of thirty-six

hours. The millowners have enclosed their mills by a high, close paling, and
refuse to give our watchers keys, so that our men have to ring the bell before
they can get to the mill side of the dykes, and, therefore, all j)oachers can have
time to escape, and many of the mill hands are great poachers. We have
applied to the Sheriff for power to demand keys, but have been refused.

With reference to the ' general question ' at the end of the queries, Mr
Gordon writes :

—

I would again point out that the destruction of young salmon on the Don is

enormous. In fact, most of the smolts go down the lades—being quiet icater—
and are killed by the turbine wheels. They can be seen in thousands dead and
broken in bits at the tail-lades. I would suggest that all millowners be obliged

to keep smolt hecks on during the season the smolts come down, to be fixed

by each District Board.*
I would also mention that large numbers of salmon are killed during the

extension of the rod fishing by drag-hooks (October) in pools where the fish are
lying thick. I would make this subject to a heavy penalty, and oblige all

persons who foul-hook a fish during this season to at once return it to the
river.

1 would also suggest that the sale of salmon should be illegal during the
extension of the rod-fishing. There is also no punishment for having yellow
trout in possession of poachers, which we badly require, as yellow trout are
much netted by poachers in the Don ; and when they are caught, nothing can
be done, unless they are caught in the act of netting. Three were caught on a
road last season with 90 lbs. of yellow trout, and we could do nothing.

My impression with regard to the Don decidedly is that, with the
exception of the proposed improvement on the fish-pass on Mugiemoss
dam, it is in much the same position as it was when I described it in my
First Report to the Board, which was published in 1883, and in my Report
of last year, when I again inspected the dams on the Don. In my First

Report I wrote as follows :

—

As a fronting stream the Don is as superior to the Dee for the number, size, Quotation
and quality of its trout as it is inferior to it as a salnion-ju-oducing river

; but from my first

it is so terribly obstructed by cruives and by impassable dams, andt^o i)olluted Keport regard-
' ing the Don.

* I strongly recoiuniended this in my Ist Report to the Fishery Hoard, p. 46.
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that the wonder is, not that it yields so few salmon, but that it produces so

many. It rises from a peat moss 1(540 feet above the sea, among the mountains
which form the western boundary of Aberdeenshire. It has a course of about
65 miles, and drains upwards of 500 square miles of country. The assessable

rental of the Don was .£3361, Os. 8d. in 1876, and is now £3015, 10s., of which
^2083 belongs to the lower fishings, including the coast, and £932, 10s. to the

u]>per riv^er fishings. The fishery assessment this year is 16 per cent, of the

rental. During the annual close time the protection is superintended by an
inspector and sixteen water bailiffs. The extent of the coast or sea fishings

within tlie Don district is about 10 ndles. Tlie average number of bag-nets

within the district is 66, of which 9 are to the south of the Don, or between the

mouths of the Dee and the Don, and 55 to the north. The average numl)er of

stake or fly-nets within the district is 27, of Avhich 7 are to the south of the

Don—that is, between the mouths of the Dee and Don, and 20 to the north.

The distance between the mouth of the Don and the boundary betv/een the

Don and Dee is a little over 6000 feet, and on that short space of beach there

are nine bag and seven fly-nets ; Vv'hereas in 1836 there were only three stake-

nets and one bag-net. Taking the whole space between the mouths of the Dee and
Don, which is a little over two miles, it aj)pears Irom the plan appended to the

Parliamentary Report of 1836 (see Appendix VI.), that there were then three

bag-nets and seven stake-nets between the mouths of these rivers ; while the

statement furnished to me by the (Jlerks to the District Boards of the Dee
and Don shows that there are at present twenty bag and thirteen fly-nets.

The cruives of the Don, with their objectionable appurtenances of the Baron's

grain and the Lebby Pot, are the worst in Scotland, and confer a virtual

monopoly of the salmon fishings in the river on their proprietors. If they could

be bought up l)y the upper proprietors, and the dam dykes above them supplied

with etticient fish-passes, a very few years would witness avast improvement in

the salmon rental of the Don. A map of the Don cruives Avill be found in

Appendix VII. I have inspected them on several occasions, the most recent

occasion being on the 13th of last March. There are four cruive boxes in the

dyke. But the great majority of fish are taken by the sweep-net in the long

pool between the cruives and the ' Lebby Pot.' There is a channel below the

cruive dyke separated from this long pool by a sort of island, and this channel
is supplied with water from what oozes through the cruive dyke. It is termed
the ' Baron's i^rain,' and jjroves a cul-de-sac from which no fish can escape, and
where they fall an easy prey to the fishermen employed by the cruive-owners.

Every cruive dyke should be water-tight, or as nearly so as may be
;
but, un-

fortunately, there is no such provision in the existing bye-law regulating

cruives. Mr Leslie, C.E., one of the original Commissioners under the Act of

1862, states that the Commissiou-ers made a recommendation that all cruives

should be made water-tight, but this recommendation was not given effect to.

The ' Lebby Pot' is a sort of dam, forming the long pool below the cruives, but
suj^plying no mill or manufactory. It merely serves to increase the extent of

the water on which the nets of the cruive pro])rietors can work. On the right

bank of the river the barrier is wholly artificial ; on the left bank it is chiefly

artificial, but partly also natural, being founded on rock. A statement of tlie

complaint of the upper proprietors with regard to the Lebby Pot and the

Baron's grain will be found in Appendix No. VIII.
It is worth considering whetliei', in any future Act, it would not be advis-

able to prohibit fishing, except with rod and line, within a certain distance

above and below a cruive or mill-dam. Both the English and Irish Salmon
Fishery Acts now in foi'ce contain such a prohibition.*

* The following arc the provisions of the English Salmon Fisheries Act (36 and 37
Vict. c. 71 sec. 17) with regard to fishing at w»'irs and dams :

—
' No person shall

* catch or kill, or attemj)t to catch or kill, except with rod or line, or scare or disturb,
' or attempt to scare or disturb, any salmon within 50 yards above or 100 yards
' below any weir, dam, or artificial obstruction which hinders or retards the passage
' of salmon, or in any water under or appurtenant to any mill, or in tlie head race or
' tail race of any mill, or in any waste race or pool communicating with such mill
' race, or in any artificial channel connected with such weir or obstruction.' Then
auother English Act (24 and 25 Vict. c. 109 sec. 27) provides that wliei-e any fishin^-

weir extends more than half way across any stream at its lowest state of water, it

shall have a free gap or opening, w'hich shall be situated in the deepest part of the
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A petition signed by eighteen proprietors of salmon fishings who are upper
heritors on the Don has been addressed to the Secretary of State, and referred

to the Fishery Board by him, complaining of irregularities and contraventions

of the Salmon Fisheries Act of 1862, committed especially in connection with

the dykes and weirs on the lower j^ortion of the river and the cruive dyke
near Gordon's mill. And likewise complaining of the impossibility of obtain-

ing redress from the Don District Board, owing to its constitution placing the

voting power in the hands of the lower proprietors. And since the date of that

petition a letter has been addressed to me by the Town Clerk of Inverurie,

stating that the Town Council of that burgh, as proprietors of salmon fishings

on the Don, cordially support the views of the upper heritors. ' The Council,'

they say, 'find their fishings materially injured by the cruives and other ob-
* structions, and think thai if they are not entitled to have them removed, they
' are at least entitled to have them so altered as to allow the free passage of
' fish.'

The manufacturers on the Don encroach in two ways on the interests of the

salmon proprietors—first, by not having efficient salmon ladders or passes to

permit the ascent of running fish ; and secondly, by the enormous quantity of

water which they extract from the river through the lades in connection with
the dams. The evidence which was given to Mr Buckland and myself, which
is printed in the Appendix to the Reiwrt of 1871, is still true with regard to

these dams. It is there stated—'At present they prevent probably one-half
' of the number of fish from ascending that would otherwise do so. Every
' winter the fish may be seen lying below the dykes in large numbers, struggling
' to ascend to the spawning-beds, but are forced back and destroyed with stones,
' &c. After lying a few days they get too heavy with roe, and are unable to
' ascend. The consequence is that they are forced to spawn where they are,

' and the spawn never comes to maturity for want of spawning ground. In
' consequence of the power claimed by the millowner of taking a large part,
' or even the whole of the water, the river below the dyke is often nearly dry,'

The following is an extract from my eighth Eeport to the Board, published

in 1890:—
When in Aberdeen, for the purpose of meeting the Clerks to the Dee and Muf^iemoss

Don District Boards on the subject of the illicit traffic in salmon, I took the Dam on the

opportunity of inspecting the dams on the Don described in my First Report River Don,

to the Board, and was sorry to find that none of their objectionable features

have been in any way altered or imj^roved ; the dam at Mugiemoss especially

preserving its bad eminence as being about the worst artificial obstruction in

Scotland. The apron of this dam is no less than 94 feet 6 inches long—a fatal

fault, as hsh cannot swim so long a current of rapid water. When I first

visited Mugiemoss the river was so low that I could walk across the face or
apron of the dam. But when I inspected it in August last, the river was
rather high, and the fish-pass on the dam was full of white foaming water,
which no salmon could ascend ; and then, to add to the difficulty, at the top of

this foaming torrent, there is a jump of about 3 feet before the fish can reach
the water above. The pass is the very last place in the dam which any

stream between the points where it is intercepted by the weir ; that the sides of the
gap shall be in a line with and parallel to the direction of the stream at the weir ;

that the bottom of the gaj) shall be level with the natural bed of the stream above
and below the gaj) ; and that the width of the gap in its narrowest part 'shall be not
less than one-tenth part of the width of the stream, provided always that such gup
shall not be re(pured to be wider than 40 feet, and shall not, in any case, he narrower
than 3 feet.

The Irish Salmon Fishery Acts contain similar regulations with regard to free

gaps in tishing weirs ; and there is also a provision that no person shall place any
ohstruction, use any contrivance, or do any act whereby fish may be seared,
deterred, or in any way prevented from freely entering and i»assing up and down a
free gap at all periods of the year, or shall use any nets or other engines within 50
yards above or l)elow any free gaj) ; and any person jdaeing any obstrnetion, using
any contrivance, net, or engine, or doing any act in contravention of the regulation
last herein hefore contained shall incur a ])enalty, not less than £5 and not exceeding
£20 for the iirst olfence, and not less than £10 and not exceeding £50 for each sub-
sequent oHence.
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ascending fish would select. On the left bank of the stream a good many-
inches of black water were running over the apron of the dam, and it is here

that running fish generally attempt to ascend. But, owing to the length of

the apron, they are always washed back, and no heavy or gravid salmon
succeed in surmounting it. On this side of the river there is an intake lade

with sluices belonging to the Messrs Crombie ; and it would not be diflicult or

expensive to cut a passage from the dam to above the sluices, through which
salmon might ascend. But, undoubtedly, by far the most effectual means of

doing away with the obstructive character of Mugiemoss dam would be to

construct, about 20 yards below the toe of the apron of the dam, a subsidiary

dam not less than 5 feet high. This salmon could easily surmount, and, after

doing so, would find themselves in the pool created by the subsidiary dam,
which would have the effect of raising the water about half way up the long
apron of the existing dam, which they would then have but little difficulty in

ascending, and reaching the waters above.

Number of The strongest proof of the thoroughly obstructive character of Mugiemoss
salmon lifted dam in its present state is furnished by the fact that last year the river
over Mugie- watchers took out from the pool below it 560 salmon that were "unable to sur-
moss Dam. mount it, placed them in boxes and carried them up to the water above the

dam ; and, besides these, 400 fish were taken out by landing nets with long
handles whilst falling back after attempting to ascend, and placed in the water
above—thus making a total of 960 salmon in a single year prevented from
ascending to the upper waters to sjoawn by this most objectionable dam.
During the previous year 660 salmon were in like manner taken from the

pool below the dam and carried over it by the river watchers.

The Superintendent complains not only of the obstructive character of the

dam at Mugiemoss, but also of the excessive quantity of water abstracted from
the river by the works at Mugiemoss, at the Messrs Piries and at the Messrs
Crombies ; so that, when the river is low, the intake lade contains a larger

quantity of water than is left in the bed of the river, owing to which, in at

least one case, the river-bed below the dam connected with the works is left

almost perfectly dry. Another complaint connected with these works is that

they inclose and entirely shut in large spaces of the banks of the river from
which the river watchers are practically excluded. That is to say, they can
only get access by applying at the doors of the works, so that if any poaching
is going on inside, word may be passed along and everything made regular

before the watchers enter.

Inspection of In August last I met the Ythan District Board, and inspected part of
River Ythan.

^j^g river, along with the water bailiff. The proprietors on the Ythan are

assessed on a rental of between £800 and .£900. There is one permanent
watcher, who resides at Ellon, and there are two or three temporary

watchers in the close season. The Ythan, besides containing salmon,

grilse, and sea trout, is a good yellow trout stream
;
and, in some of the

preserved waters, the trout average half-a-pound.

The Ythan is for the most part a smooth, slow-flowing river, rising at

the Wells of Ythan, 768 feet above the sea, having a course of 38 miles,

and falling into the sea near Newburgh. In the first Statistical Account

of Scotland, published about a hundred years ago, it is stated that there

was a valuable salmon fishing on the Ythan at Ellon, which yielded a

rental of .£80 a year—a large sum in those days ; and it is also stated

that, in the mouth of the Ythan, there was a fine bed of mussels and
cockles, which supplied the neighbouring country, the town of Aberdeen,
and also the fishers of the whole Buchan coast with bait.

I met the water-bailiff at Ellon, and inspected part of the river in his

company. Lord Aberdeen has the largest share of the Ythan—about 12

or 14 miles of water, on which the water bailiflf estimated that 100 clean

salmon are killed annually by the rod. For an east coast river the Ythan
is decidedly late. The first clean fish come up, the water-bailiff says, in

March ; the grilse run in July
;
and, probably owing to the number of

long, deep pools, the kelts are not out of the river till May. According
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to the same authority, the fish that come up in October and the first half

of November are the largest of the season, and are in perfectly good con-

dition. The old cruives at Ellon have been removed, and the river now
runs over the sit3 of the old cruive boxes, forming nice pools below.

The sea fishings by fixed nets in the Ythan district are valuable. I was

unable to procure reliable statistics of the yield of fish, but the water

bailiff estimated it at about 6000.

At the meeting of the Ythan District Board, it was pointed out that

there would be great practical difliculties in carrying out the recommen-
dation of the Committee on Crown Rights in Scotch salmon waters, that

local fishermen should be permitted to fish for salmon with hang-nets in

the narrow seas on payment of a license, inasmuch as a salmon fishing

belonging to the Crown might be between two fisheries belonging to

private parties. In such a case, the limits of the respective fisheries

would require to be marked out by buoys, and even then there would
be no security that the fishermen licensed to fish with hang-nets would
not trespass on the private waters, unless the District Boards instituted

a more complete and expensive system of watching.

I have been favoured with returns from the Clerk to the Ythan District Answers from

Board of the fishings in the river during 1890, of which the following is
^oard

^^'^^^^^^

a summary:—Tlie fishing has diminished generally throughout the district.

But few salmon and grilse were caught by net and coble ; 5227 were

caught by fixed engines, and 70 by rods. The heaviest salmon caught

by fixed engines was 38J lbs., and the heaviest by rod 22 lbs. The
District Board would wish the net fishing to extend farther on in the

season, and the extension of rod fishing also.

The system of protection in the district is stated to be fairly efficient.

There are said to be salmon-ladders on all the dams in the river, affording

a sufficient passage for salmon. There are no pollutions. The proportion

of male to female salmon is estimated at 6 male to 4 female.

In answer to the 'general question,' it is said

—

That the Board are about to petition the Secretary for Scotland to vary
the annual close time, so that it shall in future begin on 20th September
and end on 6th March, and to alter the corresponding extension for

ordinary fishing, so that it shall in future begin on 20th September and end
on 14th February.

The feeling of the District Board of the Ugie seemed to be strongly Inspection of

against the recommendation of the Committee on Crown Salmon Fisheries ^^^^^

to license hang-nets in the narrow seas, and also against the Crown's
giving up unchartered salmon waters to the public.

There are several dams on the Ugie, not obstructive from their height
and steepness, but objectionable on the ground that they are not water-

tight, the water percolating through them instead of flowing over them
;

so that, when the river is at all low, scarcely any water comes over the
crest of the dam, making it impossible for salmon to ascend.

The most objectionable of these dams is at Scotsmill—a very old dam. Scotsmill

The making this dam in conformity with the requirements of the bye-
laws would be the greatest improvement that could be effected on the
Ugie. But, it is calculated by persons on the spot, well qualified to judge,
that it would cost £200 to put it thoroughly to rights.

Scotsmill dam is between the two picturesque old ruined castles of

Inverugie and Ravenscraig, which tower above the banks of the Ugie.
It has stood there for a very long time, and, on the down stream face of

it, there is a thick growth of grass and bushes. The water percolates

freely through every part of it
;
and, though the river was by no means
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very low when I inspected it, scarcely any water was coming over the

crest of the dam, except in one place, and even there not in sufficient

quantity for fish to ascend.

There is a hatchery on the Ugie, situated on the river bank, a short

distance from Mr Boyd's house at Inverugie. It belongs to the District

Board, and the breeding-ponds are capable of holding 90,000 ova. They
are not on glass grills, but on gravel. The two small ponds which hold

the fry ought to be covered in with nets, in order to prevent gulls and
other predaceous birds from getting at them. Also, before the fry are

placed in the river—which is generally done, I was informed, when they

are two years old—a sweep should be made with a net where they are to

be put in, in order to capture the trout in the vicinity, which Would other-

wise destroy the fry.

The Ugie, like the Ythan, is one of the latest rivers on the East Coast,

where, as a rule, the rivers are generally early. The following account of

it, written a hundred years ago, is interesting when contrasted with the

present state of matters :

—

In the water of Ugie there are salmon of an excellent quality. These are

seldom caught before the month of April, and from that time until the 1st of

July are in greatest perfection. There are threat varieties of fine trout, fin-

nocks, eels, minnows, and flounders in the river. The rent of the salmon
fisheries is £100 sterling, and the number of barrels caught annually is, at an
average, from 50 to 60. A few lor some years have been j^icked for the London
market, owing to the tacksmen, who reside at Peterhead, having very extensive

connections with that branch of trade elsewhere. Fresh salmon are sold at

2^d. per lb., formerly at 2d. There are no pikes nor shell-fish in the river,

excej^t the pearl-mussel, in which pearls of value are sometimes found.

Answers from The Ugie is one of the most productive small salmon rivers in Scot-

Boa^(?^^*"^*
land, and the ansv/ers to the printed queries for 1890 are very satisfactory.

It is there stated that the take of fish is about the average all over the

district, both in tidal waters and in the river ; that the approximate

number of fish caught has been about 4500 salmon and grilse by nets,

and about 40 salmon and grilse and 400 sea trout by rods in the river.

The first clean fish are taken about the 7th March, the main take of

salmon is in August, and the grilse and sea trout run mainly in September.

The heaviest salmon caught in nets weighed 38 lbs., and heaviest sea

trout 13 lbs.; the heaviest salmon caught by the rod was 23 lbs., and
heaviest trout 7^ lbs.

It is stated that both the annual and weekly close times are strictly

observed, but it is urged that the period for commencing the annual close

time should be a fortnight later than at present. There are no natural

obstructions in the district. The following are the principal artificial

obstructions :

—

Cruives at Inverugie not used except for catching salmon for hatching
purposes ; dams at Inverugie, Ravenscraig, Stonemills, Mill of Kora, Mill

of Aden, Mill of Denend, Mill of Gaval. None of these, with the exception

of the dam at Stonemills, are in strict accordance with the provisions of the

Bye-law. There are no salmon-ladders or passes, and some of the dam dykes
are in bad order.

With regard to power to District Boards to remove diseased fish from
rivers, the Board write :

—

It seems questionable whether the existing Acts give satisfactory powers to

remove and destroy all diseased fish, and it would be desirable to make
sufficient statutory provision for this.

The proportion of male to female fish is given, on estimate, at 5 males

to 4 females.
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It was thought advisable to revisit the River Conon, as the subject of inspection of

the opeuing up of the Falls of the CoiiOn below Locli Luicliart, and the
^Jj^J^jJ'^®'^

long rapid and fall on the river above the Loch, had been [)rominent]y

brought forward in the evidence given before the Committee appointed

by the Secretary for Scotland to inquire into the Crown Rights in

Salmon Fisheries in Scotland ; and as the said Committee, in their Report,

write as follows :

—

The Commissioners of Woods and Forests mentioned to us the case of a

proposal by the riparian proprietors on the Conon, a river running from Ross-

shire into' the Moray Firth, where there is a natural rock obstruction, to

purchase from the Crown the right of salmon fishing, and that they would
then remove the obstruction. For this, the proprietors having uncliartered

waters have arranged together to offer the slum}) sum of £1000. It is stated that

by the removal of that obstruction a large breeding ground, both of river and
lake water, would be opened up, and the Inspector of the Salmon Fisheries

for Scotland, who is well acquainted with the district, strongly approves of

the proposal. But after the discussion in the House of Commons last session

upon the Morar case, the Commissioners, in consequence of the remarks then
made, have delayed completing the sale until it had been considered by us.

We are of opinion that, if the Secretary for Scotland, after due inquiry,

approves of the proposals, the Commissioners should carry out the sale to the

riparian proprietors as proposed.

Afterwards, in their recommendations with regard to the future Report of

administration of the Crown Ris^hts in Scottish Salmon Fishinprs, the Committee on

^ ., ° ^ ^ Crown Rights
Committee write :— in scotch

The greater the extent of spawning ground that can be opened, the better ^^J™ rg^rd^to
for the public interest. We, therefore, recommend that in all cases where such opening up
obstructions exist, riparian owners be encouraged to undertake their removal Falls of Conon.
by receiving a charter of the fishings ex adverso their lands on favourable
terms.

And their twelfth recommendation is in the following terms :

—

On the general question of the removal of natural obstructions, where this

will open up unchartered waters, we would approve of power being conferred
upon the Fishery Board to require or undertake their removal, and when
doing so to prepare a scheme regulating the interests of all concerned.

In the end of August last I inspected the Conon and its tributary the Inspection

Orrin. The first day I was in the district, I drove to the Falls of the Orrin
^/^'JJj

in company with Mr Mackenzie, Clerk to the District Board, and the per- tributary of

manent Water-bailiff. He is the only watcher during the open soason. *be Conon.

But, during the close season, he has the assistance of another ^vatcher.

The upper part of the Conon is stated to be well watched and protected

by the gamekeepers of the various proprietors and lessees.

The Falls of the Orrin are about 6 miles distant from the town of

Dingwall. Below these Falls, there is a magnificent and spacious pool,

with a bottom well-suited for netting. It was stated to me that nearly

1000 fish are taken out of this pool annually by the proprietor, Mr Stirling.

As many as 40 have been captured at a single haul of the net. The Fall is

about 15 feet high, and the pool immediately above is about the same
depth, so that to blast the rock between the pool above and the pool
below would be a very easy task. But to this the proprietor is naturally

very much opposed. There are 9 miles of good spawning ground above.
As it is, though the fall is certainly a serious obstruction to the upward
progress of fish, it is not an absolute barrier, as a good many salmon
succeed in surmounting it every year. It might be advisable to take
salmon out of the pool below the Falls of Orrin, after the netting season
is over, and place them in the pool above, so as to utilise more thoroughly
the extensive spawning grounds above. ^Ir Stirling claims the right to

the salmon fishing on both sides of the Orrin throughout its whole course,

s. F, a
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The Falls of Orrin are about 4 miles above the junction of the Orrin and
the Conon. The Meag river, a stream somewhat smaller than the Orrin,

joins the Conon on the left bank, a little below the Falls of Conon.

Salmon get freely up this stream, and a considerable number are captured

in it every year by the rod. Both the Orrin and the Meag have lochs at

their sources. Salmon do not take the fly well, either in the grand pool

below the Falls of Orrin, or in that below the Conon cruives.

Mr Stirling leases the Brahan Salmon Fishings on the Conon, including

the cruives ; and as the cruives have been kept open all the year, the

river above is now full of sahnon. The mouth of the river is netted by
Messrs Powrie & Pitcaithly of Perth, who have a day and night shot.

The Water-baililf told me that they formerly had the Brahan fishings, and
worked them so, both my means of the cruives and by the sweep-net in

the pool below the cruives, that the river above had not a chance till the

netting season was over.

Water-bailiff's The Water-bailiff came from Tweedside to the Conon five years ago, and
opinion as to j^g crav j me his opinion as to what had caused the immense increase of
1)116 C3rXlSG Oi •

the great in- bull-trout in the Tweed of late years, so that they now outnumber the

crease of Bull- salmon and grilse in the river put together. According to him, this

Tweed^irwe
iiicreas^ in the number of bull-trout has arisen from the change in the

1857. netting close season, instituted by the Tweed Fisheries Act of 1857.

Previously to the passing of that Act, the netting season extended to the

middle of October, instead of the middle of September as fixed by the

Act of 1857. The bull-trout, he says, do not come into the Tweed in

any considerable numbers until the middle of September, and the chief

take of them used to be between the middle of September and the middle

of October, when it is now illegal to take them. Then, too, according to him,

the run of the largest salmon of the season was subsequent to the 15th

of September. All capture by nets after that date being now done away
with, the result has been, in his opinion, the immense increase of the bull-

trout.

Inspection of On the 25th August, I made an inspection of the Falls of the Conon,
Falls of Conon. below Loch Luichart, driving up by Brahan, Fairburn, Scatwell, &c., to

where the road terminates close to the river, about \\ miles from the

falls. I crossed the river in a ferry-boat, and then walked up to the

falls. When I formerly made my inspection, I was on the left bank of the

river; now I was on the right bank. About 100 yards or so below the

main Fall, from which it is separated by a deep black pool, there is a lesser

Fall, perpendicular and impassable on the left bank. But, on the right

bank, there is a sort of natural salmon ladder, which might be deepened

and improved, and the top of the more precipitous part blasted off*. Without
something of this kind being done, it is doubtful whether salmon would
be able to reach the foot of the main Fall. During my inspection, the

river was full—just subsiding after a flood—and the appearance of tlie

Falls was magnificent, especially on the left side, where a great wave of

tawny-coloured water was rolling over a precipitous rock.

Above the main Fall, and between it and Loch Luichart, there is

another Fall, about 9 feet high, round which it is proposed in Mr
Paterson's plan to carry a ladder.

Loch Ousie. Conon district there is a loch called Loch Ousie, from which a

burn runs into the Cromarty Firth ; this loch is at present full of pike.

But it is proposed to exterminate the pike, and stock it with trout. I

suggested dynamite ; but it has been tried and has failed. The late Mr
Buckland held that the best way to get rid of pike was to shoot or other-

wise destroy them, when they go up shallow streams and ditches in the

spawning season. The Conon Water-bailiff, who has had a good deal of

experience of hang-nets in the English Tyne, thinks that the use of hang-
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nets in Loch Ousie would be the best means of getting rid of these fresh-

water sharks.

I have very full answers to the printed queries from the Conon District Answers from

Board. The take of fish in tidal waters, in fresh water, in fixed engines,
JrictBoard^*'*

and generally throughout the district, has increased. This is imputed to

the successful spawning seasons of 1887 and 1888.

The number of fish caught in the district during last season is given

approximately, and is as follows :

—

By net and coble, . . . 10,000

By fixed engines, . . . 9,000

By rods, .... 300

It is stated that clean fish could be taken in the Conon District in the

latter end of January. The main take of salmon is in the months of

March and April ; the grilse run from the middle of April until the close

of the fishing season ; sea-trout run from the commencement to the close

of the fishing season.

The weight of the heaviest salmon caught in 1890 was 19 lbs. by net

and coble; 20 lbs. by fixed engines ; and 16 lb. by rod. The bye-laws

regulating the observance of the annual and weekly close times are

said to be strictly observed. But it is suggested that the commence-
ment of the fishing season for rods should be 1st instead of 11th February.

There is a mill-dam in the district which is said not to be worked in

accordance with the provisions of the Bye-law (Schedule G). But there

is a good fish-pass on this dam, and salmon have no difiiculty in ascending

over it to the upper waters. There are two cruive dykes in the district,

and two fishing-boxes worked in accordance with the provisions of the

Bye-law (Schedule F).

There are three natural obstructions in the shaps of waterfalls, two of

which are not absolutely impassable for salmon in certain states of the

river. The Falls of Orrin and Eogie could easily be opened up by attach-

ing a salmon-ladder and by a little blasting. The Falls of Conon could

be opened up by a combination of both methods.

It is thought that compulsory powers should be given to District

Boards to open up waterfalls
;

compensation to be given to the pro-

prietors of the falls that are to be opened up.

There are no pollutions in the Conon District, and no salmon disease.

In November 1890 a Salmon Hatchery was erected for the artificial propa-

gation of Tweed salmon, to be put into the Conon when hatched. The
hatchery belongs partly to the District Board and partly to Colonel

Stuart Mackenzie of Seaforth. It is situated on the north bank of the

Conon, about 40 yards to the west of the railway bridge. It is capable

of hatching out 150,000 salmon and 50,000 trout.

With regard to the proportion of male to female salmon, it is stated

that ' the proportion of male to female salmon are pretty equal in this
* district; if anything, the male has it.' The return, so far as it goes, is

based upon an estimate.

It is suggested that the Sea-birds Protection Act of 1880 should be

repealed, so far as regards the common sea-gull, which destroys a very

large number of salmon and sea-trout smolts at the mouth of all salmon
livers during the months of April and ^lay, when smolts collect in the

tidal waters before they take to the salt water.

Lastly, it is suggested that the use of the gaff should be prohibited

from the opening of the fishing season until the first of May.
I am indebted to Mr Wm. Mackenzie, Clerk to the Conon District

Board, for the following list of Crown Fishings within the district in

1890, and for the rental of the Salmon Fishings in the district generally,

distinguishing the rod fishings from the net and coble fishings :

—
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List of Crown Fishings within the District of the River
CoNON :

—

No. ^fltiip of 'Ppn^^n'^ Name of Occupier. Rent.

Ex adverso Estate of Finlay Munro of Rock- G. Tough, Salmon £30 0 0*

Rockfield field Fisher
2. Ex adverso of Geanies G. Tough, Salmon Tenant 20 0 0

and part of Sea- Fisher

field

3. Ex adverso Estate of George Sang, S.S.C., H. & A. P. Ho- 85 0 0+
Balintore Trustee for Mr Rose garth

of Tarlogie

4. Ex adverso Estate of Hogarth k Co., Aber- Tenant 45 0 0

Sliandwick deen
£180 0 0

* Rent paid to Tenant by Occupier, £37.

t Do., do., £105.

Rental of Fishings within the District of the River Conon, distin-

guishing THE Rod Fishings from the Net and Coble Fishings.

No.

1

Name of Proprietor.
Name

of Fishing.

Net
Fishings.

Rod
Fishings.

£ s. d. £ s. d.

1. J. A. F. H. Stewart Mackenzie, Conon, 620 0 0

2. Do. Do. 90 0 0

3. John Stirling of Fairburn, Conon and
Orrin

,

80 0 0

4. Do. Muirton, Ach-
onachie, &c., 40 0 0

5. Sir A. G. R. Mackenzie of Coul, Conon, . 100 0 0

6. Do. Blackwater, . 120 0 0

7. Trustees of D. H. C. R. David-
son of Tulloch, . Do. 20 0 0

8. The Right Hon. A. J. Balfour, Strathconon,
Scardroy,

and Heig, 25 0 0

9. H. M. Matheson of Little

Scatwell, .... Conon,

.

5 0 0

10. W. C. Ross of Cromarty, Do. . 705 0 0

11. Duncan Forbes of Culloden, . Ferintosh, 250 0 0

12. Trustees of Sir J. D. Mackenzie, Findon, 30 0 0

13. Mrs Reid of Balconie, Balconie, 40 0 0

14. Sir Charles Ross, Bart., . Rarachie, 50 0 0

15. Commissioners of Woods and
Forests, .... Rockfield, &c., 180 0 0

16. Trustees of R. B. M. Macleod
ofCadboll, Cadboll, 119 10 0

17. Sir Hector Munro of Fowlis, Bt. Fowlis, 16 0 0

18. John Munro of Lemlair, Lemlair, 8 10 0

19. W. J. Bell of Scatwell, . Scatwell, 125 6 0

2019 0 0 605 0 0

Note.—I believe that Mr Bell, an upper proprietor, has occasionally used net
and coble this year.

Inspection of On Thursday and Friday, the 24th and 25th July, I made, as directed
River Tyne. Fishery Board for Scotland, a careful inspection of the River Tyne,
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from Haddington to the sea, examining every mill-dam ami mill-lade on
the river, and likewise the natural obstruction caused by the Falls at East

Linton, which appear, at some former period, to have been partially

blasted, with a view of facilitating the ascent of salmon and sea-trout.

This, however, has not been thoroughly done, and the Falls still offer a
serious obstacle to the passage of the migratory salmonidse.

The whole of the sewage of Haddington is discharged into the Tyne,

and there is a skinnery on the outskirts of the town, near Nungate Bridge,

which is a further source of pollution. On the whole, however, the river

is not very badly polluted.

Between Haddington and East Linton there is not much good spawning
ground, the river for the greater part of the way being still and deep,

with occasionally fine streams. But above Haddington, on the main
stream and its tributaries— the chief of which are the Gilford and the

Salton Water—there is abundance of fiue gravelly spawning ground.

There are no hecks on any of the lades belonging to the mills on the Want of Hecks

Tyne between Haddington and East Linton, a distance of about 8 miles MilMades.

by the windings of the river. None at the intake, none at the tail lade,

none above the mill wheel, so that the Byelaw (Schedule G) regulating
' the construction and use of mill dams or lades, or water-wheels,' and the

decision following thereupon in the case of ' Kennedy v. Murray, 8th July
* 1869,' are entirely ignored and set at defiance.

Gimmers Wool Mill, near Haddington, like most of the mills on the

Tyne between Haddington and the sea, abstracts, through the intake lade,

the greater part of the water in the river, when the river is low after a

long course of dry weather, so that the bed of the stream, between the

intake and tail-lades, is left almost dry, to the great detriment of the

fishings. Another most serious injury to the fishings is caused by the

neglect of the Byelaw (Schedule G) above referred to, owing to which,

the lades connected with the mills being left entirely without hecks, and
the tail-lade often pouring into the river a most tempting stream for fish

to ascend, it inevitably results that the fisli, instead of going up the

river, enter the tail-lade, and are either killed by the mill wheel or

captured by poachers in the lade.

At Amisfield, a short distance below Haddington, there is a dam
which forms a most serious obstruction to the passage of fish. This dam
is not connected with any mill, but appears to have been constructed

for the purpose of forming an ornamental sheet of water in front of the

park at Amisfield. It is at least 9 feet in height, and has a Yevy steep

face. On the right bank there is a })lace where fish occasionally get up.

But their passage might be greatly facilitated without any injury to the

dam. As already stated, this dam has no connection with any mill or

manufactory ; it is an obstruction pure and simple.

The byewash sluice below Abbey Bridge, it was stated to me, is used

as a fish-trap.

The dam at Sandys jVIill is no great obstruction. lUit the intake lade

in low water, such as there was when I inspected the Tyne, takes away
an undue proportion of the water in the stream. The lade here supplies

two mills.

The finest fishing water on the Tyne between Haddington and East

Linton is, undoubtedly, that known as Hailes Water, a stretch of about 2

miles of alternate streams and pools
;
amongst which the (.'astlo Pool,

beneath the picturesque old ruin of Hailes Castle, is conspicuous. Another

good pool is that known as Tii)pie Linn, where the river is 17 feet deep.

At East Linton is the chief natural obstruction on the Tyne, consisting Fall at East

of a great barnei- of rooks of considerable h«Mght, stn't^liing right across Linton.
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Doubtful
whether Tyne
is a Salmon or

a Bull-trout
River.

From East
Linton to

Tyninghame.

the stream. Towards the right bank, an attempt has been made to blast

a sahnon-pass through the rocks, and considerable expense has evidently

been incurred in doing so. But, after all, the work has been but im-

perfectly done, and the fall still remains a most serious obstruction. The
total length of this cut or pass is about 100 feet. Of this, the lower part

consists of a strong rapid of white foaming water ; then there is a sort of

resting pool ; then a space of still, dark, deep water ; and then about 20
yards of another strong, swirling rapid. The pass is too narrow, too

steep, and has too much water in it. It is only some 5 or 6 feet wide

;

whereas, if it were twice the width, and the top were carried back 20
yards and scooped out so as to lessen the gradient, ascending fish would
have a much better chance. To add to the difficulties of ascending fish,

there is a pretty steep dam stretching across the river, not more than 100

yards above the falls. A short subsidiary dam, close to the right bank
of the river, would make this dam easily passable."^

The greatest height of the fall from the top of the rock to the water

beneath, the water being very low at the time, I found to be 20 feet. The
pool below the Falls is long, wide, and deep. The rocks above the Falls

are favourite resorts of poachers, who sit or stand on them, and take fish

from the pool, and fish attempting to ascend, by any means in their powder.

The morning, about four o'clock in summer, is stated to be about the best

time. The Falls are said to belong, one side to Mr Mitchell Innes of

Phantassie, and the other to the Burgh of East Linton, f
No salmon have ever been seen, I was informed, in the spacious pool

below the falls. In fact, so far as I could learn, the Tyne seems to be a

sea-trout or bull-trout, rather than a salmon river. The keeper on the

Hailes Water told me that he had never killed nor seen a salmon in the

river, nor a salmon smolt or parr. But he had killed as many as five

sea-trout in a day—the heaviest he killed being 9 lbs. The heaviest

yellow trout he ever captured on the Hailes Water was lbs. The
Tyne trout are thick, short, and handsome, and cut quite pink. The
heaviest basket of yellow trout he ever saw taken out of the Tyne,

weighed 23 lbs. Mr Moncrieff, land steward, Phantassie, corroborated

what Macdonald, the keeper, ?aid about there being no salmon in the

Tyne. The heaviest sea - trout he ever saw taken from the river

weighed 1 4 lbs. This year it is said that two grilse have been taken from
the Tyne, and it is conjectured that these have been the result of a

number of salmon fry that were put into the river some time ago by Mr
John Anderson of Edinburgh.

If the Tyne be really and naturally a sea-trout or bull-trout river, I

should be inclined to think that any attempts to turn it into a salmon

river would end in failure. The experiment was tried a good many years

ago on a grand scale by the Duke of Northumberland in the River

Coquet in Northumberland, and ended in failure ; and the Coquet is

now frequented only by bull-trout, as it was evidently the intention of

nature that it should be.

On Friday, the 25th July, I left East Linton to follow the Tyne from

that village to its mouth, near Tyninghame.

A little way below the linn, and nearly opposite the poorhouse,

* A plan for effectually opening up the Falls at East Linton, prepared so far back
as 1869, by Mr G. H. List, Chief Constable of Berwickshire and Haddingtonshire,
forms Note IV. to this Report.

+ It is stated, in the Statistical Account of Scotland (1821), in the description of

the Parish of Prestonkirk, that the rocks above the Linn are mentioned in the

previous Statistical Account (1790-1800) as seriously obstructing the ascent of

salmon. But it is added :
—

' Since that period a passage has been opened for tlieni,

' l)ut without the desired effect, few or no fish having ever been found further up.'



of the Fishery Board for Scotland. 27

there is a dam in a somewhat dilapidated condition, which was formerly

connected with a saw-mill belonging to Mr Mitchell Innes of Phantassie.

This mill no longer exists. But it is alleged—and the statement has

been made to me again and again—that the lade belonging to the dam is

systematically used as a trap for salmon. A keeper in the neighbourhood

told me that he has known a box containing 1 43 lbs. of salmon or sea-

trout captured in this lade, and sent away from the railway station at

East Linton. The lade, Avhen I saw it—the river being very low—was
shallow and considerably overgrown with weeds, and it contains a good

deal of nice gravelly spawning ground. At the intake there is a wooden
sluice, then a foot-bridge of a single plank, and then an iron heck. The
salmon or sea-trout, as I was informed, come up the tail-lade, where there

is no heck. They are stopped by the iron heck at the intake ; the

wooden sluice above that heck is shut ; and they are trapped and
captured. This lade appears to have been used for a long period of

years as a salmon trap, as it is mentioned by the late Sir Thomas
Dick Lauder in his ' Rivers of Scotland,' which were first published in

Taifs Magazine about 1848, and afterwards collected and published in a

separate form in 1854. He there writes as follows about this lade :

—

I must now say a few words about the angling. As we have already men-
tioned, the salmon, which are all of them small, do not rise to the fly, but a
number of them are taken by Mr Innes by means of shutting and opening the

flood-gates of an old mill-run immediately opposite to the church.

It humbly seems to me that, as there is confessedly now no mill in con-

nection with this dam—or, in other words, no justiflcation or reason for

the existence of the dam or lade—that the lade should be closed up, and
all the water sent over the dam. No owner of a mill, even if he has a

right to salmon-fishings, is entitled to use his lade for the capture of

salmon. And if his lade be supplied with hecks, in terms of the provisions

of the Bye-law (Schedule G), it is impossible that the lade can be
efficiently used for suc-h a purpose. And it must be kept in mind that

the decision of the Court of Session, in the case of ' Kennedy v. Murray,
' 8th July 1869,' distinctly and unequivocally declares that owners and
occupiers of mills are bound to execute, at their own cost, the works ordered

to be executed by the Bye-laws made by the Commissioners of Scotch

Salmon Fisheries. That is to saj^, in the case of mills and manufactories

worked by means of w^ater taken from a salmon river, they are bound
to have ' placed and constantly kept ' at every intake and tail-lade, and
also ^acro.-^s the lade or troughs immediately above the entrance to each
* mill-wheel a beck or grating, the bars to be not more than 3 inches
* apart if horizontal, and not more than 2 inches if vertical,'—all in terms

of the Bye-law (Schedule G), which took effect from the 28th July 1865.

The tail-lade from Phantassie dam joins the river just below Preston

dam. Preston dam is not much of an obstruction. Above this dam
there is a considerable stretch of still water, thickly overhung by tall trees

on one side, which is said to be a favourite lie for big fish.

The next mill, proceeding down the river, is Knowes Mill. Here also

there is no heck at the intake, and the lade diverts by far the larger

portion of the water in the river for the use of the mills which it sup-

plies. It is the largest lade below Haddington, being in places between
20 and 30 feet wide, and 6 feet deep. There is a very effective heck,

however, at the tail-lade. There is also a heck above one mill-wheel be-

longing to a mill, under which the lade passes on its way to supply, after

a long course, the saw-mill at Tyninghame. On this last-named mill

there is a heck on the tail-lade, which joins the river within the policies

at Tyninghame.
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Knowes dam is a serious obstruction, and when I saw it, the river

being very low, scarcely a drop of water was coming over the apron of

the dam, which consists, first, of a steep slope 13|- feet long, with a

gradient of about 1 in 4, and then of an almost flat pavement 13 feet

long, making the whole length of the dam-face 26|- feet. The river below

the dam was almost dry, and it is quite clear that in low states of the

stream no fish can possibly ascend Knowes dam, as at such times nearly

all the water in the river is carried off by the intake-lade, and scarcely a

drop is allowed to come over the dam. When the river is high, fish are

said to get over close to the right bank. It would be easy, and not

expensive, to enable them to pass over by a cut made round this right-

hand corner of the dam.

The tide comes above Tyninghame Bridge, and often dams back
the river.

I walked down to the sea by the public road from Tyninghame Village.

The mouth of the Tyne trends towards rocks to the westwards. At low

water there is but a small shallow mouth, in places almost lost in the

sands. The tide ascends and dams back the river as far as Tyninghame
Bridge, or somewhat above the bridge—a distance of about 2 miles from
the sea. The tide expands the river at high water into an extensive lake,

separated from the spacious bay outside by a peninsula thickly covered by
aquatic shrubs and plants on what are called the Salt Greens in front of

Tyninghame House. The greens form a fine feature in the grounds around

that magnificent residence
;
being at one time a glittering sheet of water,

and at another an expanse of verdant sward dotted over with sheep, and
in summer richly covered with sea pinks.

While inspecting the Tyne, I saw no salmon, nor was I able to procure

a salmon taken from that river ; and the weight of evidence from persons

qualified to speak seemed to be in favour of the Tyne being at present a

bull-trout or sea-trout rather than a salmon river.*

But I have been favoured with a statement from a gentleman,

upwards of 80 years of age, who, in his younger days, was thoroughly

acquainted with the Tyne as an angler
;
and he unhesitatingly and em-

phatically states that, in his early life, the Tyne was a salmon river, and
that salmon were caught in it in considerable numbers and sent to the

Edinburgh market for sale.

He writes as follows :

—

Is the Tyne a salmon river ? I unhesitatingly reply yes, as witness what
follows. I have personally, as an angler on the river from Pencaitland to

Tyninghame Bridge, known this river since 1817 ; have caught a 7i lb. salmon,

in the Dovecot Pool, below Blairston Mill, with fly, and hooked another at

Knowes Mill dam-head ; have leistered salmon in Knowes Mill tail-dam ; have
seen them spawning on the redds below Knowes Mill dam-head, and on the

shallows above it and below Redheugh, Prestonkirk ; have seen them leaping

the Preston Mill and Barley Mill dam-heads, and Linton Linn in crowds ; and
have seen them leistered above the linn, and taken in nets below the linn, as

heavy as 9^ lbs. The late Mr Andrew Meikle rented the tideway salmon
fishings from the Earl of Haddington, and sold his salmon regularly for many
years, and many were taken and sold from the stake-nets on Belhaven sands,

and taken in the Beil Burn heloiv the dam.' ivaste near the bridge at Beltonford, and
herds of seals could be seen in the rising tide chasing and taking the acilinon as

* The Tyne is subject to great floods, which, at various times, have occasioned

much damage to the town of Haddington. A tablet erected in one of the streets

commemorates the height of the great flood of 4th October 1775, when the river rose

17 feet in one hour. The whole suburb of tlie Nungate and more than half the

town were laid under water. Fortunately no one perished, as the flood took place

in the daytime. It was conjectured to have arisen irom the bursting of a watei'spout

among the Lammermoor Hills.
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they made way up the river at and below the * Salt Greens' below Tyninghame
Bridge. My late uncle, who was a riparian proprietor at Linton, below the

linn (about 1810), used to set nets on his side of the water, and on several

occasions took salmon ascending the river.

The same Mr Meikle told me that he recollected the ' salmon net-fishing in his

tack ' being a profitable concern, and the late Mr George Kennie of Phantassie,

told me that he has known his father's sub-tenant at the Preston Barley Mill

take ' cartloads of salmon from his dam cruives of a morning^ and drive them into

Edi7iburgh market.^ I am informed that in the Town Clerk of Haddington's
office there are still to be seen contracts of service, apprentices and others, in

which there arc provisions that no more than a stipulated quantity of salmon
should be given as food to the servants, parties to the contract.

The most probable account of the diminution of the nunibers of salmon was
the erection of the large distilleries at Linton, Belhaven, Haddington, Westfield,

and Milton {all within a sphere of say^ 9 miles of the river), and the diminished
quantity of the water, owing to the extensive hill and lowland drainage within

this century—so that the Tyne is a much smaller river, even in my day. 1 have
seen an ox grazing on land over which I have caught trout with fly, when the

river was of bulk to overflow and make a good trout stream, so that whatever
the Commissioners may do or leave undone, they can know little of the history

of the Tyne Salmon Fishery if they aver that it is not legally within the category

of the Salmon Rivers of Scotland.

I think it is highly probable that what is stated above with regfird to

the improved system of land-drainage having injured the Tyne as a salmon

river is correct.

When Mr Spencer Walpole and myself were appointed Special Com-
missioners in 1874, to inquire into the operation of the Tweed Fisheries

Acts, we came to the conclusion, after careful personal inspection and con-

sideration of evidence, that the chief cause which had led to the great

falling off in the yield of the Tweed fisheries during the last forty years,

as compared with the previous forty years, was the general drainage of

the Tweed valley that followed upon the advance of money on easy terms

by Parliament in 1846 to the landlords of the United Kingdom. The
character of the floods was changed. The land, instead of being like a

sponge which is gradually squeezed out, became intersected by a network
of drains which discharged tiie active rainfall into the river in a few hours.

The river now rises and falls suddenly, instead of behig in flood, more or

less, for a week ; so that migratory fish, like salmon, have far less oppor-

tunity than formerly of entering the river. What operated prejudicially

on the salmon fisheries in a great river like the Tweed, would operate still

more prejudicially on a small stream like the Tyne.

What is stated in the above-quoted letter seems to be corroborated by
Sir John Sinclair's Statistical Account of Scotland, which was pub-
lished during the last decade of the 18th century, or about 100
years ago. In the account of the Parish of Prestonkirk, the following

occurs :

—

At the village of East Linton, a little way above the church, the stream,

after falling over some broken rocks of considerable height, runs chiefly

through a flat, fertile haugh till it reaches the sea. In this lower part of

the river considerable quantities of salmon are caught, and excellent trouts

throughout the \vliole river ; but it is thought the numbers of the former
would be much increased were the rocks that interrupt the channel at Linton
]>ri(lge blown up so as to aftbrd a passage for them to get up more freely.

And in the account of tlio Parishes of Whitekirk and Tyninghame it

is stated that :

—

The fish found in the Tyne are trout and grilse, neither of which are

remarkal)ly plenty. A few salmon are sometimes found, hut they arc very rare.

The riglit of Hshing the Tyne up to the Knowes Mill and the sea-coast at ils

mouth from within a cable's length of Westbarns Burn to the Water of
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Peffer, an extent of nearly 2 miles, belongs solely to the Earl of Haddington.
A great many seals are also to be seen swimming about the mouth of the river,

which are thought, with probability, to be one cause of tlie scarcity of other
fish.

After carefully considering the wording of the Bye-law constituting the

District of the Kiver Forth, I am clearly of opinion that neither the Tyne
nor the Midlothian Esk, nor the Almond on the south shore of the

Firth, nor the Leven on the north shore, are legally included within the

District of the Forth. I had the honour to make a Eeport on the

subject to the Fishery Board, dated 13th August 1890, which sets forth

the reasons which have induced me to form that opinion.''^

I have received answers to the printed queries from a number of the

District Boards in Scotland.

The rental of the Tay for 1889 was £17,731, 2s.; and for 1890,

£17,819, 10s. The take of fish in the Tay is stated to have decreased

during the net fishing season. This is imputed to various reasons, among
others to drought and sraallness of river for last five years during the

netting season, causing the fish to enter later, and to be too numerous for

successful breeding. No statistics as to the number of fish caught are

given. The heaviest salmon caught by net during 1890 weighed 57 lbs.,

and the heaviest by rod 42 lbs. The bye-laws regarding the annual and
weekly close times are said to be well observed in the district. Dissatis-

faction is expressed with the period fixed for the commencement and
termination of the annual close time, and it is suggested that it should

commence 'on 15th January, but with a forty-eight hours' close time.' f

The protection on the river and its tributaries is stated to be * as efficient

' as it can be with the strength of men employed—25 in close time,
' and 8 in summer. They are not members of the County Police.' Illegal

fisliing is not prevalent. There have been fewer prosecutions than usual—
' very much from the absence of fish in the Earn caused by the low

• state of the river and inability of fish to get past the Dupplin Dam.'
The obstructive dams on the Ericht, which have been fully described

by me in previous Reports to the Board, are noticed, and it is stated that
' on the Earn there are five very serious obstructions, and one at CriefF

' less so. Two at Dupplin and Strathallan have cruives in them.'

Among natural obstructions, the Falls of Tummel ; the Keith on the

Ericht; and the Falls of the Garry are mentioned; and an opinion is

expressed that District Boards should have compulsory powers to open up
such obstructions, 'if done in such a manner as not to injure the amenity.'

The salmon disease appeared in the end of November, and attacked all

sorts of fish ; but it seems to be diminishing year by year. Removing
the dead fish seems to be the only thing one can do. There is a hatchery

at Dupplin, and there are ponds at Stormontfield belonging to the Tay
District Board. 330,000 ova are hatched at Dupplin.

I give the following answers from Mr P. D. Malloch, fishing-tackle

maker and naturalist, Perth, who has been intimately acquainted with

the Tay fishings for many years, and who has no connection with

* This Report will be found in the Ninth Annual Report on the Salmon Fisheries

hy the Fishery Board for Scotland, which precedes this Report, pages xvii-xix.

t By Order, under the Secretary for Scotland's hand, dated 15th December 1890,

nnd published in the ^f/mJiw^/^ Gazette, 19th December 1890, the rod -fishing season

applicable to the Tay is altered, * so that the period for rod-fishing shall in future be
' from the 15th day of January to the 15th day of October, both days inclusive, in
* each year. But the period for rod-fishing on the river Earn and its tributaries is

' to continue as it was previously to the date of the Order, that is, from the 11th day
' of February to the 31st day of October, both days inclusive.'
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either upper or lower fishings to sway or modify his statements. He
writes :

—

The take of fish, as near as I can make out, caught by rods on the River Tay
in 1890, not including any of its tributaries or Loch Tay, was 2600. The take

of salmon and grilse has decreased within the last two years. The cause of this

is the extension of the nets to the 26th August instead of the 20th August, as

formerly. The main take of salmon and grilse by nets is between 1st July and
10th August. Grilse begin to run about the 14th May. Sea-trout begin to

run in November, and increase until 1st July, when they begin to fall off.

The weight of the heaviest salmon caught by the rod in 1890 was 43 lbs.

The annual and weekly close times for nets are strictly observed. But they do
not serve the purpose the}^ were intended for. The net fishers fish for the ones

that get past, a few miles higher up, and by Wednesday every vestige of them
is raked out. During the summer the men go idle the rest of the week. There
is not a single tide fish gets past the upper nets. The period for the commence-
ment and termination of the annual close time is most unsatisfactory in our
district for nets. I would suggest that it should be from the 11th February to

15th August, and for rods from the 15th January to 20th October. Many
clean salmon are netted at Newburgh during the winter close season and sent

to market.
There are only two cruives in this district. The one at Dupplin and the

other at Strathallan, on the river Earn.
The Dupplin dsm or dike, the Strathallan and Dornoch, are great obstruc-

tions to the passage of salmon at all times. Many thousands of fish are unable
to surmount them. Lord Strathallan mentioned to me that he would remove
his cruive if Lord Kinnoul would remove those at Dupplin.

There is a salmon pass at Dornoch dike, which, up to the jDresent time, has
j)roved a failure. The only other salmon-ladder in our district is a Macdonald
fish-pass, placed on a dam on the Ericht, near Blairgowrie. This was erected
by the District Fishery Board, and has proved a failure. Not a single salmon
has been known to go through it.

On the liver Almond there are three dikes which j)revent the jDassage of

salmon at certain times. First is Huntingtower dike. A beam has been
placed on the top within the last few years, which prevents a great many fish

getting up. Second, Pitcairn dike. Within the last few years this dike has
been repaired and heightened at the part where the fish used to get over. It

has also been done with cement instead of blocks. This causes the water to

run rapid and strong over it, and no fish are able to get over this part. As
soon as the river begins to fall, the fish fall back and go down Huntingtower
lade through the mill wheel, and are killed in hundreds, between 40 and 50
being killed in a single day. The third dike is Woodend. The fish can only
get over in high water. A little expense to make the gradient 1 in 10 would
enable the fish to get over ; and a little attention when the}" are repaired would
rectify this. The River Almond is an important tributary of the Tay. Large
numbers of fish run up. The only other dike of importance which prevents
the passage of salmon is that on the Ericht at Blairgowrie, where the Mac-
donald fish-pass is put on.

As to natural obstructions, there is the Falls of Tummel, which prevent the
ascent of salmon. The spawning grounds above them are very extensive ; at
least 100 miles would be opened up.* I may here state I have been in the habit
of fishing under the Falls of Tummel, through the kindness of Mr Butter and
his tenants, as well as Mr Barbour's tenants, for over twenty years, and I think
I am not over the mark when I state that not more than 100 salmon would
pass to the ujDper reaches in a whole season if they had a clear run through.
The reason of this is, as a rule, the fish do not run into the Tummel until
March, and it is only a few fish that are in the pools above the nets that get
into the Tummel when they are running. They are netted in the Faskally
water before they get to the falls. Unless something be done to let more fish

past the nets and allow the fish to get up, the opening of the Falls of Tummel
would not benefit the river one bit. Without interfering with the beauty of

* For a full .account of the Falls of Tinnniel and the rivers and lakes above, see niy
First Annual Renortto the lioard, pages 11 and 12, and App('ndi.\ III. to that Report,
where aniaj) of the rivers and lochs that would be opened up by making the falls pnss-
able is given.
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the falls, a short tunnel cut through the rock on the north side, and one of

Malloch's patent iish-passes let into it, would enable the fish to get up. The whole
could he covered over on the top, ' and no one would know that a pass was
' there.' There is another fall higher up the Tummel which could be made
passable, if a little of the rock could be blasted. There is also one on the Tilt

at Blair Athol, which prevents many salmon and grilse getting up. Above
this is about 20 miles of valuable spawning grouud. A mason with a hammer
and chisel, during the summer, would make it passable in a few hours. The
fall is almost perpendicular and only requires the top edge cut off it. There
is also a fall on the River Garry at Struan which ])revents the tish having a free

run. The spawning ground above this is rather inferior, although some of the

feeders contain good spawning ground. A few boulders of rock removed is all

this would require to give fish a free run through. There is a fall on the Isla

above Alyth which no salmon can surmount. Not having seen this for 20
years, I cannot remember much about it, though there is very valuable spawn-
ing ground above it. If the dikes and falls at Blairgowrie on the Ericht were
opened up, it would open up some of the most valuable spawning ground con-

nected with the Tay ; at least 50 miles of the Ardle and Blackwater, known
as the Shee. There is also a fall on the River Lochy, which, if opened up,

would provide valuable spawning ground for the spring fish that run out of

Loch Tay. These falls would be the most difficult, being so high, but they
could be overcome with a pass. The Gallean Falls on the Lyon at Meggernie
keep back numbers of salmon. There is over 10 miles of good spawning
ground above them. Very little trouble and expense in removing a little of

the rock on the north side would allow most of the fish to have a free

run.

I would not be in favour of giving District Boards power to erect passes or

blast natural falls. They are so mixed up, one with another, they would never
be carried out satisfactorily. I would rather be in favour of giving power to

the Fishery Board for Scotland to compel the District Boards to erect fish-

passes and remove obstructions where they thought it necessary.

With reference to the 'Wild Birds Protection Act, LS80,' Mr Malloch

writes :

—

The gooseander, red-throated merganser, red-throated diver, and the black-

headed gull should be taken from the list of birds protected. They destroy

thousands of spat, smolts, and fry in our district, and pretty well over

Scotland.

In answer to the general question, Mr Malloch writes :

—

I would beg specially to draw your attention to the ruinous way the net fish-

ings are worked on the Tay. There are 27 net stations above tidal water. These
are worked continually from Monday morning till Wednesday morning, some of

them longer. The effect of this is, they glean up every fish that runs through
during the weekly slap. Many of the fish that run through during the weekly
slap are killed by lower proprietors who own fishings higher up. By the

improved methods no fish can escape. The consequence of this is, none of

these summer fish get past. These are the fish that should get to the upper
reaches, being strong and able to push up. But autumn fish, after the nets

are taken ott", never go to the higher reaches, hence the reason why large

tracts of good spawning ground are quite destitute of fish during the

spawning season. At the present time, there is not 1 for every 20 there

was twenty years ago in the upper i-eaches. If this is allowed to continue, the

supply of the Tay will certainly decrease. I would suggest that all nets be
taken {)ff above tidal water. If this was done, I have not the least hesitation

in saying the Tay would double its supply in six years. The removal of tlie

nets would not take a single penny out of the proprietors' pockets
;
they

would rather be gainers. I have gone into this carefully, and could prove it

to be correct if required. The lower proprietors take no interest in the welfare

of the river ; their main object is to kill every fish they can, and, if allowed,

would fish all winter. If this could not be carried out, I would suggest that

all nets above tidal water should have their weekly close time from Monday
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morning, or rather, Saturday night, until Tuesday night at six, and no nets

allowed above a certain point. There is another point which will damage the

Tay—the introduction, or rather extension, of hang-nets since the District

Board lost their case in trying to prove them illegal. Many of the tacksmen
are now preparing hang-nets to use on parts of the Tay where they were never

used before.

The fishings in the South Esk are stated to be up to the average of the Answers from

last few years ; but no statistics as to the number of fish caught are given.
Dj^tricflloaid

The Bye-laws are said to be fairly well observed in the district, and the

Board are satisfied with the present period fixed for the annual close

time. The heaviest fish caught by net and coble in the district in 1890
was 41 lbs. The system of protection is efficient. Eight men are

employed as Water- bailiffs, including the River Superintendent. There

were six proi;ecutions last year for illegal fishing, and all the offenders

were convicted and fined.

There are no natural obstructions in the district. But the South Esk
is a river much blocked up and injured by dams, of which there are no
fewer than seven. The following list is given of these dams, viz. :—(1)

Kinnaird, (2) East Mill, (3) Brechin Castle, (4) Blackie Mill, (5)

Finavon, (6) Murthill, (7) New Mill. No cruives in use. Hecks at

Nos. 1 and 5. Orders issued by the District Board for hecks at Nos. 3

and 6, which are expected to be complied with soon. The Board have
not thought it necessary to enforce becking of others meantime. A
regular salmon-ladder in dam dyke No. 3. Good passes in all the other

dykes. Tlie pass in No. 3 not altogether satisfactory.

There is no Hatchery in the South Esk district. According to the best

estimate which can be made, there are more male than female fish in the

river. It is stated that the ' " Wild Birds Protection Act, 1880," should
' be repealed most decidedly as regards Scotland.'

From the District of this productive river an increase in the fishings is Answers from

reported in tidal waters, in fresh waters, and in fixed engines. No ?® Aber-

returns are given of the numbers of fish caught. The first clean fish are Dee.

taken at the commencement of the season, which begins on the 11th
February. The main take of salmon by net and coble is in March.
October is the best month for rods. The chief run of grilse is in May.
The largest fish caught by net and coble was 34 lbs.; by fixed engines,

39 lbs.; and by rod, 27 lbs. The period for the annual close time is

considered to be satisfactory. From 17 to 18 watchers are employed
during the close season, and from 6 to 7 in the open season

; and, in

conjunction with the Don Board, 6 in steam launch during the close

season and 3 during open season. Illegal fishing is prevalent in the

District; but convictions are generally obtained under sections 17, 20,

and 21 of 'The Salmon Fisheries (Scotland) Act, 1868.'

There are no artificial obstructions in the district. The natural

obstructions are on the Feugh, Dye, Muick, Garrie, and Quoich. Above
these th(^re is much good spawning ground, access to which could be had
by salmon-ladders or by blasting. Compulsory powers should be given
to District Boards to open up such obstructions under certain conditions

and restrictions.

Salmon disease showed itself slightly in December, but to a much
less extent than in former years. More specific authority should be
given, in any future legislation, to remove diseased fish from salmon
rivers.

There is a Hatchery in the Dee District at Durris, about 9 miles from
Aberdeen. It is the result of private enterprise. A number of fish are

hatched out, but no returns of the number are given.
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Answers from The take of fish is stated to be well maintained in the Deveron District

;

DistrictBoard
^sual, no return is given of the number caught. The first clean

'fish are taken on the 11th February—the opening day of the fishing

season. The main take of salmon is in August. The grilse and sea-trout

run in July. The heaviest salmon taken by net and coble was 40 lbs.;

the heaviest by fixed engines was 45 lbs.; and the heaviest by rod 30 lbs.

The Bye-laws and Eegulations under the Salmon Fishery Acts are stated

to be well observed, and the protection is said to be efficient, 10 men
being employed. There is some illegal fishing, but not to a great extent.

The cruives and dams in the district are said to be worked in conformity

with the regulations. There is a Salmon Hatchery belonging to the

Duke of Fife which is capable of hatching 100,000 ova annually. It is

suggested that the ' Wild Birds Protection Act, 18S0,' should be

repealed as regards Scotland, to prevent destruction of ova. It is stated

that the Board are ' much annoyed xoitli ivhite-fishers setting hang-nets along
* the sea coast, under the pretence of taking white fish, hut really Idlling

* scUmon.'

Answers from I have answers to the following effect from the Spey, the most productive

Board^^^*^^^^
salmon river in Scotland, with the exception of the Tay. The yield of

the river is much the same as last year. But no returns are given of the

number of fish caught. The Bye-laws regulating the annual and weekly

close times are stated to be strictly observed ; and the period fixed for the

annual close time is said to be satisfactory. The system of protection is

efficient : there being 42 river watchers, with Inspector and Superintend-

ent. There are no natural obstructions. There is one cruive not worked
during 1890 ; and several dams on tributaries of the Spey. But the Bye-

laws with regard to hecks, fish-passes, &c., are said to be duly observed.

A Hatchery has been commenced near Spey Bridge, Garmouth, at the

expense of the Duke of Richmond and Gordon.

T have much pleasure in printing the following interesting Annual
Report by the Superintendent of the Spey for year ending 26th August
1890, submitted to the meeting of the District Board, held in Elgin, on

24th October 1890 :—

L—Salmon Spawning.

The following Tables show the dates of the first appearance of salmon
spawning beds, and the number seen and counted by the bailiffs during the

last three spawning seasons of 1887-88, 1888-89, and 1889-90 on the follow-

ing named streams or tributaries :

—

1887-88.

Name of Stream.

Fiddich,

Avon, .

Livet, .

Conglass, ,

Lochy, .

Dulnain,
Nethy, .

Druie, .

Feshie, .

Tromie,
Truini, .

Spey (above Laggan, Badenoch),

spawning Connne„ced.^"trSeas?n.''

21st October, 1887
22nd October, 18871

920

j-1406

j
521

220

668

15th October, 1887 60

13th October, 1887
15th October, 1887
20th October, 1887

1

14th October, 1887

Total, 3849 Spawning Beds.
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Name of Stream.

Fiddich,

Avon, .

Livet, .

Conglass,

Lochy, .

Dulnain,
Nethy, .

Druie, .

Feshie, .

Tromie,
Truim,
Spey (above Laggan, Badenoch),

1888-89.

„ . ^ , Number of Beds
Spawning Commenced. Season.

8th October, 1888 1045

24th September, 1888 1338

11th October, 1888 679

13th October, 1888 358

20th October, 1888 164

10th October, 1888 651

22nd October, 1888 286

17th October, 1888 336

15th October, 1888 447

11th October, 1888 125

10th October, 1888 118

9th October, 1888 90

Total, 5637 Spawning Beds

Name of Stream.

Fiddich,

Avon, .

Livet, .

Conglass,

Lochy, .

Dulnain,
Nethy,

.

Druie, .

Feshie,

Tromie,
Truim,
Spey (above

1889-90.

Spawning Commenced,

1st October, 1889
10th October, 1889
3rd October, 1889

10th October, 1889
9th October, 1889
10th October, 1889
17th October, 1889
14th October, 1889
16th October, 1889
14th October, 1889
1st October, 1889

Laggan, Badenoch), 11th October, 1889

Total,

Decrease in Spawning Beds from last year's number.
Do. Do. on the previous season

of 1887-88,

Number of Beds
for Season.

545
484
269
92
49

597
175
166
193
152
108
102

2932 Spawning Beds.

2705

917

The splendid and extensive spawning during the season of 1888-89, com-
pared with the season of 1889-90, gives the latter a very poor appearance.

The spawning season of 1887-88 was considered to be above an average of

previous year's spawning, consequently the last ended (1889-90) season would
compare favourably with some of the seasons previous to 1887-88.

The deficiency in last season's spawning is entirely to be accounted for in

the great decrease in grilses, which should have spawned on the tributaries

during the last two weeks of October and month of November. Grilses were
certainly not seen to be so scarce for many years back as they were during last

season.

Reasons for the deficiency in this class of fish give any amount of scope for

conjecture. In the first place, comparing with previous years, they were scarce,

or at least few were caught along the sea coast salmon fishings over the Spey
district during the summer of 1889, and only a very small number were seen

by rod fishers up till 15th October of same season. On the other hand, there

was a good appearance of smolts descending the tributaries and river to the
sea during the spring and summer of 1889. The question then 'jomes to be,

Where did our Spey district grilses go to during the said summer and autumn ?

It is evident that they left our part of the sea coast, and did not get their way
back to ascend the river to spawn during that season, and by every appearance
the grilses of this (1890) season have been, up till 26th August, very scarce

along the sea coast, notwithstanding that the appearance of descending smolts
during the past spring and summer was good.
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The Fidtlich, Avon and its tributaries, and the Feshie are the best streams
for the early or grilse spawning. The Feshie depends upon the grilse which
ascend the Spey during the summer months, and it is the most favourable

river for them above the Avon. The Fiddich and Avon, more especially the
Fiddich, depend upon the autumn-run grilse. The decrease on Fiddich last

year, compared with the previous year, was 500 spawning beds ; on the Avon
and its tributaries the decrease was 1 645 ; on the Feshie, 254 of a decrease

;

and the Druie (also a good grilse spawning stream), had a decrease of IVO
spawning beds—making, over all, on these streams alone, a total of 2569
spawning beds. Frojn 14th until 21st December, and from 4th until 11th
January, no sight could be obtained of spawning beds by the bailiffs on the

Avon, in consequence of the river being discoloured by high and brown water
;

consequently a number of spawning beds may have been wrought, and the fish

left off Avorking before the river became clear enough again to enable the
watchers to have seen and counted them during said time. On the Spey the
spawning was fairly good, but certainly not so good as on the previous year,

and the river during the whole spawning season ran pretty high water, and
owing to this fact, the spawning fords that can be but imperfectly seen even
during what would be held to be low size for the winter season, were made
difficult to see. The spawning continued on Spey till end of February both in

the Rothes and Cromdale districts. There was a spate on the river on 11th
March, but with the exception of the spawning fords at or near the new
railway bridge at Speymouth, which were formed on new and shitty grounds,
I do not think otherwise that any great damage was done by said spate. No
damage was done to the spawning beds -from ice during the season.

II.—Smolt Season.

There was a fairly good appearance of smolts descending the tributaries and
river during the spring and early summer. Eleven watchers were on duty for

six weeks, commencing 21st April, protecting them over the whole district of

Spey and tributaries ; and twelve dozen of printed notices, cautioning persons

against taking or killing smolts, or the young of salmon, were posted up at

conspicuous places along the sides of the river Spey and tributaries over the

whole district. The watchers found anglers generally to be using the greatest

caution against taking and destroying the smolts.

III.—Disease among Fish.

Fungoid disease, to all appearance, was not so prevalent during last winter,

or late spawning season, as it was during the previous year ; but when the

decrease in the number of fish in the rivers is taken into account, I cannot say,

from last season's observations, whether the disease is increasing or diminishing

in the Spey district. From 1st December 1889, till 8th February 1890, on
the Fiddich stream. 64 dead fungoid diseased salmon were removed from the

water and buried by the bailiffs. During the same period the previous season,

and on the same stream, the number of diseased fish removed and buried was
134. When it is noted that during the spawning time of said previous season

1045 spawning beds were counted on said stream, compared with 545 beds

during last season, the percentage for disease on the respective numbers of beds

during the last two seasons is the same, namely, about 13 per cent. It is

generally about December before this disease shows itself among the fish, and
it is mostly confined to male fish. These are given to ' charging,' chasing, and
biting each other, apparently through jealousy, and when a diseased fish once

bites a fish not infected, the infection will, without doubt, be carried from the

biter to the bitten. I think if we were empowered by the Salmon Fishery

Acts to capture and kill all fish showing the first appearance or symptoms of

this disease, it could in a great measure be checked. This disease is very rarely

seen upon clean or newly-run fish.

IV.—Poaching during the Year.

I am glad to say that during the year now ended there was, as on the previous

year, a marked decrease in poaching over the district.
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V.—Contraventions of Bye-laws.

The only contravention of the Bye-laws committed over the district during
the year was that of James Macdonald, sawmiller, Balnagowan, Nethy-Bridge,
who, after being repeatedly requested to do so, failed to put and keep in proper

order his dam-dyke and fish-pass attached thereto, at his sawmills on the Nethy
stream, at Nethy-Bridge aforesaid. The case being investigated and reported,

Macdonald was brought up and convicted at the Inverness-shire Sheriff Court
at Inverness, on 27th November 1889, and fined £1, with ^1, 16s. of expenses,

or seven days' imprisonment.

General Remarks.

All the other Bye-laws relating to hecks and sluices on mill-lades were
properly attended to over all the district during the year.

The sea coast and river salmon net-fishing opened on 11th February, and
closed on 26th August, and during the season, on each occasion of visits to the
coast, I found the weekly close time strictly observed.

The full force of bailiffs or Spey police is constituted as follows :—The
Superintendent, stationed at Aberlour ; the Inspector, stationed at Grantown

;

eight Sergeants, and thirty-four Constables.

GEO. K. MACGREGOR, Superintendent.

Abstract of Account Charge and Discharge of Clerks' Intro-

missions, Year 1889-90.

I.—CHARGE.

To Fishery Assessment on ^10,669, 5s. of Rental, at Is. lOd. per ^1, ^9V8 0 3

„ Fines and Expenses recovered, 2 0 0

„ Advance for Men's Wages to 5th October 1889, from last year's

Account, , . , 58 3 8

.£1038 3 11

II.—DISCHARGE.

By Amount due to Royal Bank per last Account, . . . ^29 17 10

„ Wages to Inspector and Bailiffs for year, .... 732 12 6

„ Superintendent, £120, and his Travelling Expenses,
.£'33, lis. Id., 153 11 1

„ Bank Interest, Extracts from Valuation Rolls, Printing, and
Bank Charges, 704

„ Clerk's Salary and Outlays, 26 0 6

„ Expenses of Prosecutions, 6 3 7

„ Advances for Men's Wages to be charged against next year's

Assessment, 56 8 8

„ Balance at Credit of Account with Royal Bank, Elgin, . . 26 9 5

£1038 3 11

Answers to the following effect have been sent me by Mr James Grant, River Spey—
Glen Grant, who has been acquainted with the salmon fisheries in the Spey

^^^J^^^^
for thirty-two years, and has regularly fished it. Grant, Glen
He complains of the overnetting in the 9 miles of water belonging to Grant,

the Duke of Richmond, of the way in which the nets are drawn long nets

being used, which go close to the opposite side of the river, l)eiug then

pulled down stream hard, so as to stretch the mesh of the nets so tight

8. P. /
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that the whole net is close, and the ohject of the size of mesh entirely

done away with. The river having no estuary, no fish can pass the nets,

except in heavy floods, and the river is fished, night and day, from March,

two nets sometimes in one stream. Owing to the miles of river netted,

the fish, at certain times, are not able to pass the number of miles during

the Sunday close time. Another complaint made by Mr Grant is of the

number of parr killed by trout fishers in the Spey.

He suggests that the watchers should be appointed solely by the upper

proprietors and tenants. He states that spring fish are almost extinct,

and proposes that ' both net and rod fishing should begin 1st March, and
* that rod fishing be continued to end of October, as heavy autumn fish

* only produce their own kind.' He alleges that ' protection is not suffi-

' cient. Poachers, under guise of trout fishers, kill kelts (they were
' better looked after last year). I estimate that between 300,000 and
* 400,000 parr are killed every year by trout fishers (especially boys) on
' the Syey and its tributaries, and no one prosecuted.'

With regard to the hatchery which the Duke of Richmond has estab-

lished near the sea, he remarks :
—

' He will breed from late-run fish.

' This is a mistake. They will breed fish of like habits to themselves.'

He states that there is a great preponderance of female over male salmon

in the Spey. He suggests that ' a general inspection of the River Spey
* and tributaries be made, and evidence taken, including the way the
' nets are drawn, number of fish killed by them ; the evidence of old
* rod fishers to be taken as to the habits of salmon, their spawning, and
* their decrease,'

I have answers to the printed queries from Captain Dunbar Brander of

Spey and Pitgaveny, who is lessee of the salmon fishings in the River Lossie, and

AnTwera fron
been acquainted also with the Spey fishings for many years past.

Captain Dun- Note VI. to my Eighth Annual Report to the Fishery Board, I had
bar Brander. the honour to point out that if the decision of the Sheriff of Elgin, finding

that Captain Dunbar Brander had no power to prosecute for a breach of

any Bye-law in the district of the River Lossie, 'because there is no District

Board for that district, be correct, this result will follow—that in those

Districts where there are no District Boards, no proprietor or lessee of

Salmon Fisheries can prosecute for the contravention of any Bye-law—

a

most unfortunate result, when it is considered that more than half the

fishery districts in Scotland have no District Boards.

Captain Dunbar Brander agrees with the views expressed by Mr Grant
about the mistake of breeding from autumn fish. He is also opposed to

the protection of kelts. He suggests that

—

The power ^ of formirig District Boards should be altered. Take my own
case. I rent the River Lossie from its source to its mouth, and possess fishings

in the sea at its mouth, and another proprietor also has sea fishings. The
owner of the river, the other proprietor of sea fishings, and myself would be
entitled to form a Board. I offered to be at the sole expense ; all I wanted
was the names of the other proprietors. They refused, and I am helpless. I

can't make myself into a Board ! If I want to carry out any of the salmon
fishery laws, I can only do it as a common informer ; and without a Board and
a Clerk to the Board, I am powerless to punish sins of omission, I can
punish commission.

About breeding from autumn fish, and the preservation of kelts, he
writes :

—

I think we make a mistake in killing every fish we can till the end of

August, and trusting that an autumn fish, whose migratory instinct does not
bring him into the river till September or October, will breed the fish w«
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want, namely, spring and summer fish. Like begets like. I have a letter

from Darwin, and also Dr Giinther, British Museum, both saying that, reasoning

from analogy, it is most unlikely that a salmon would breed young ones with
a different migratory instinct from itself. So far as our rivers are concerned,

if this held true, all the autumn fish are useless. They might breed fish that

would coast along and be caught in the sea, but not fish to enter the rivers in

spring or summer. We had more fish when we killed the kelts systematically,

and when the crofters pulled out every dead and dying fish on the opening
day, 2nd February. Every pool on Spey was dragged from source to mouth,
nominally looking for clean fish. If the laird had not a net, some tenant had.

These nets are now extinct. Every kelt was dragged out, and not one re-

turned. They were split, dried, and smoked. A kelt stays fifty or sixty

days in the river after spawning. There is then nothing to eat but smolts or

small fry—no worms or flies in winter. Say he eats a smolt a day, that is

fifty smolts. Is an old kelt or fifty smolts worth most ?

The fishing in the Findhora is stated to have diminished, and the cause Answers from

assigned is over-fishing. There are clean fish in the Fiudhorn in January.
B^oard^o? t^he

April and May are the principal salmon months. The grilse and sea- Elver Find-

trout begin to run in April, and continue till season closes. horn.

The heaviest salmon killed by net and coble in 1890 was about 40 lbs.

Very few fish were killed by the rod. With regard to the bye-laws regu-

lating the observance of the annual and weekly close times, it is suggested

that * there might be an alteration, so as to make the fishermen equally
* responsible with the employers for the infringement of the Fishery
* Acts.' It is also suggested that the annual close time might be shortened
* to the 12th of August, and fishing might commence on Ist February.

The protection of the river is said to be in a satisfactory state. There
were no prosecutions, and no illegal fishing, so far as is known. There
are said to be neither artificial nor natural obstructions in the district

;

no pollutions save from sheep-washing, and no salmon disease. There

is no Hatchery, and it is estimated that there are more male than

female fish.

I have received much fuller statistics with regard to the catch of fish Sutherland-

in the salmon rivers of Sutherlandshire than from any other quarter. Mr shire Salmon

M'Lean, the Duke of Sutherland's factor at Golspie, has favoured me
with particulars as to the Shin, Fleet, Brora, and Helmsdale. In 1890, the

take in these districts was practically the same as in 1889. There was
a slight decrease in salmon, but an increase in igrilse.

In 18901, 455 salmon, weighing 15,484 lbs., 2288 grilse, weighing

12,715 lbs., and 400 trout, weighing. 678 lbs., were caught by net and
coble, and from 700 to 750 fish by rod. But. there is no record of the

Helmsdale catch after the end of May.. The heaviest salmon taken by net

and coble was 30 lbs ; the heaviest by rod (taken on the Shin) was
43 lbs. The first clean fish are taken in February ; the main take of

salmon is in March, April, and May ; and the run of grilse and sea-trout

is in June and July.

The bye-laws under the Salmon Fisheries Acts of 1862 and 1868 are

said to be strictly observed. There are three watchers constantly em-
ployed by the proprietor on the Shin, Brora, and Helmsdale, and extra

ones occasionally. There was one prosecution for night poaching, fol-

lowed by a conviction, in 1890. The watchers on the rivers in these

districts have explicit instructions to remove and destroy diseased fish

;

but scarcely any salmon disease has been refiorted.

There is a small Hatchery near Loch Brora, belonging to the Duke
of Sutherland, capable of hatching out from 150,000 to 200,000 ova.

About 100,000 were hatched out last year and distributed over the

district.
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Answers from
Mr Box,
Tongue House,
Sutherland-
shire.

Answers from
Mr M'lver
for the rivers

and districts

on the west
coast of

Sutherland.

I have the following answers from Mr Box, Tongue House, respecting

the rivers Hope, Kinloch, Borgie, Naver, Strathy, and Halladale. The
Duke of Sutherland is sole pro[)rietor of all the rivers in this district,

and he has discontinued netting for some years between Cape Wrath and
Armadale Point, except a few nets in Talmine Bay. The take of fish

is stated to have increased all over the districts of these rivers in 1890,

the season being favourable. 1549 salmon, weighing 19,197 lbs.; 12,848

grilse, weighing 74,049 lbs.; and 232 trout, weighing 429 lbs., were

captured.

The first clean fish are taken at the opening of the rivers for rod-

fishing, on 11th January ; the main take is in April and May ; and the

grilse and sea-trout run in the end of the year. The protection of the

rivers is fairly efficient. The watchers are employed by the proprietor.

There are five water-bailiffs and a number of gamekeepers. There was
no illegal fishing in 1890, and no prosecutions.

There are no insurmountable natural obstructions, though there are

falls on the Borgie, Kinloch, and Mallart. There is a small pass on the

Mallart for facilitating the ascent of fish. There is no salmon disease.

There is no Hatchery in the districts of these rivers. But the rivers

were stocked in 1890 with salmon fry from other rivers.

Xo one has had so long an experience of the salmon fishings on the

west coast of Sutherland as Mr M'lver of Scourie, who has favoured me
with very full returns regarding them for the year 1890.

The only mode of fishing practised on the coast from Loch Inver, in

Assynt, to Loch Erribol is by bag nets. The average take for many
years past is about 64,000 lbs. of salmon, grilse, and sea-trout. The
quantity taken, in 1890, was

—

1677 salmon, weighing,

8631 grilse, „
531 trout, „

19,903 lbs.

48,169 lbs.

1,138 lbs.

Total, 69,210 lbs.

The approximate number of fish taken by the rod in 1890
was-

On the Inver,

„ Laxford,

„ Kirkaig,

„ Deonard,

In Loch Garbet,

100 fish.

100 „
50 „
80 „
100 „

A quantity of sea-trout were also caught, but the number is unknown.
All the rivers in Mr M'lver's district are late. Salmon are very rarely

taken before May. The main take is in June, July, and August.

Grilse run in the end of June, July, and August, and sea-trout in July,

August, and September. The heaviest salmon in 1890 was taken in the

bag-nets, on the Assynt coast, in August. It weighed 40 lbs.

The bye-laws with regard to the annual close time are fairly well

observed, and surprise visits are made, every now and again, to see that

the bag-net leaders are removed, in terms of the bye-law. The period

fixed for the annual close time is said to be suitable, excepting as regards

angling, ' which should cease in the first week of October, not in the end
* of that month, as fixed at present.'

Illegal fishing is not prevalent. The rivers are all watched by parties

employed either by the proprietor or the angling tenants.
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The Falls of the Kirkaig (60 feet high), and those on the rivers and

lochs above it, are the chief obstacles to the ascent of salmon. ' The
' expense of opening up these has always been considered too large for the

* benefit it would produce.'

There are no pollutions in any of the rivers under Mr M'lver's superin-

tendence, and the salmon disease is scarcely known. There are two

small Hatcheries for Salmon—one in Assynt, near Inchnadamph, the

other in Eddrachillis, near Loch Badcall—in which, for many years

past, ova have been deposited from the Laxford and Inver, and the

fry distributed over the several rivers. About 20,000 are bred in each.

In addition, in 1890, a quantity of fry, bred at Brora, was placed in the

Inver river.

With regard to the proportion of males to females, it is stated :

—

In taking fish for spawning purposes males always exceeded females—say

from 3 to 6 males for every female—which I have myself witnessed.

In answer to the general question, Mr M'lver writes as follows :

—

The only suggestion that occurs to me, with regard to this coast and the

various rivers, is the subject of bag-nets and their effect on the rivers. The
angling is certainly not so productive as it was. Anglers invariably attribute

this to the quantity caught in the bag-nets. This may be partially correct

;

but when there is water in the rivers to enable the salmon to ascend, anglers

have fair sport, and in some seasons, from natural causes, the numbers of fish

are much smaller than in other seasons. The extension of the close time
might meet this complaint on the part of anglers. There must be some
means adopted to reduce the natural yearly increase of fish. A large number
escape the bag-nets placed now outside the estuaries, and, in some cases, miles

away from the mouths of the rivers; for, when there is not sufficient water in

the rivers to allow them to ascend the rivers, they are seen in numbers jump-
ing in the sea at their mouths. But the rivers are short, and fall rapidly, and it

is often the case that they are unable to get up for want of sufficient water.

The netting or setting of bag-nets might cease earlier than 26th August, and
might properly and beneficially be given up on 1st August, to allow fish to

ascend the rivers after that date.

ABSTRACT.

Return by Messrs Speedie, of the Salmon Bag-net Fishings^ at the following Stations
in the Scourie Management, for the Season 1890.

Salmon. Grilse. Trout.
STATIONS.

No. Lbs. No. Lbs. No. Lbs.

Clachtoll, 716 7,666 1984 11,746 112 222
Raffin, 143 1,724 636 3,861 52 113
Culkein, ..... 234 2,782 1426 8,408 96 195
Oldney, ..... 183 2,221 1147 6,906 76 160
Scourie, 106 1,337 785 4,653 97 217
Fanagniorc, .... 61 846 489 3,048 39 95
Oklshoiemore, .... 234 2,811 1564 9,165 59 136

1677 19,387 8031 47,787 531 1138
Weight of Fish omitted by Rlan-

ager from July Return, . 516 382

Total Catch for 1890, . 1677 19,903 8031 48,169 531 1138
Total Cateli for 1889, . 1471 17,991 6917 36,105 340 680

Increase, . 206 1,912 1114 12,064 191 458

Total increase in ll)s. this year, . . . 14,434 lbs.
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River Broom-
Answers from
Mr J. A.
Fowler.

Answers re-

garding River
Ewe, from Mr
Dixon, In-

veran Lodge.

Ness District

—Answers by
Mr Malcolm,
Invergarry.

Close to the borders of Sutherland is the Eiver Broom, on which there

is no District Board ; but the whole river belongs to Sir John Fowler of

Braemore, and from his son, Mr J. A. Fowler, who resides at Inverbroom

House, I have received answers to the printed queries. There is nothing

but rod-fisliing on the Broom, which, for so small a river, yields occa-

sionally very heavy fish. The season of 1890 was an exceptionally bad

fishing season. Only 35 salmon were killed. Yet there was plenty of

water and a fair quantity of fish in the river. The largest fish killed by
the rod weighed 31 lbs. There is a private Hatchery, not worked at

present, but capable of hatching out 100,000 ova. Three male fish are

killed for every female fish. ' I hold very strong opinions,' says Mr
Fowler, * which I have previously expressed, that the iveelcly (not annual)
' close time is insufficient. I strongly hold that the weekly close time
' should be increased, if not doubled. I am certain more fish would be
' sent to market by bag-nets if this were the case. Of course, for 3 years,

' or 4 years possibly, there would be fewer fish killed by bag-nets, till the
* proper and adequate breeding stock had been got up.'

There is no District Board on the Ewe in Ross-shire, formerly such a

famous salmon river ; but INIr Dixon, Inveran Lodge, who has been inti-

mately acquainted with it for many years, writes me that the fishing has

undoubtedly diminished, which he imputes to the bag-nets. The number
of fish (salmon and grilse) caught in the Ewe in 1890 was only 54, and
the number caught in the upper waters did not exceed 6. The main run

of fish is from May to July. These west coast rivers are in general late,

but Mr Dixon states that clean fish are occasionally got in the Ewe in

February, and that he himself got 6 with rod and fly in February 1886.

He is in favour of having the commencement of the weekly close time at

12 noon on Saturday instead of 6 in the evening.

I have no answers from the Ness District Board ; but Mr Malcolm,

Invergarry, who is thoroughly acquainted with the salmon fisheries in the

district, has kindly sent me answers. He states that there has been no
increase in the fisheries; the take in 1890 being considerably below the

average. No statistics of the take of fish are kept ; at least, they are not

tabulated and published. The Ness is an early river : the first clean

fish are taken at the opening of the season (11th February). The main
take is in March and April in the upper waters of the Ness District, and
in August and September in the lower waters. The grilse and sea-trout

run in July, August, and September. Salmon are always got in the

Garry to 30 lbs. weight and upwards. The bye-laws are tolerably well

observed, and the watching is fkirly efficient. No constabulary are

employed, and the water-bailiffs are all under the District Board.

There are no natural or artificial obstructions in the district. Salmon
have free access to the headwaters of the Nefss, more than 70 miles from
the sea, there being no insuperable difficulty in the way of their ascent to

the spawning grounds of the Quoich and Kingie and Upper Garry.

The River Ness at Inverness is subject to pollution from various sources,

especially during droughts, namely, town sewage, tanneries, waste pro-

ducts from gasworks, and such-like. No steps, so far as I am aware,

have been taken to counteract these. The salmon disease hns shown
itself, but not to any great extent. It was first observed three or four

years ago. It chiefly aS'ected kelts, but also the autumn fish that appear
to have remained long in low-water pools. It certainly is not observed
in fresh-run, lusty fish, only in spent fish, or in those that have remained
long in fresh water. Ample powers should be given to remove from the

river and destroy such fish ; but they should be safeguarded against

ignorant or malicious abuse or excess.
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There is a Hatchery in occasional use at Glenmoriston ; and there is one
at Glenquoich, which has been successfully used for the hatching of

trout for five or six years. Large numbers of Salmo Levenensis

have been hatched and fed in ponds till two years of age, and then
turned into Loch Quoich, where they appear to be doing well.

The 'Wild Birds Protection Act, 1880,' needs revisal. Herons are, I

think, the most destructive species at present. They abound in the

upper waters of the I^ess District. They are great poachers. Some
have been trapped at the trout ponds above mentioned, and they breed in

the trees in neighbouring islands, &c., in large numbers.
The most pressing thing is, in my opinion, the revisal of the law as

regards stake and especially bag nets.

Great quantities of salmon are everywhere destroj'-ed by seals, which, in

some places, such as the mouths of the Kess and Beauly, are in

enormous numbers.
No effective means of destroying seals, consistent with public law and

safety, seem yet to have been devised.

From Ayrshire I have answers to the printed queries from the District Answers from

Board of the River Girvan, and from the River Doon, where there is no
^-"^J^p^^^^'

District Board, but an Association of Proprietors, amongst whom the
^^^^

Marquis of Ailsa is far the most important.

The salmon fishings in the Girvan are stated to have diminished, but
the causes of this diminution are not known.
With regard to the statistics of fish caught, it is said that none are

taken by net and coble ; about £700 in value in fixed nets
;
and, perhaps,

200 by rods, but this last number is only an estimate. The first clean

fish are taken in May; the main take of salmon is in August and
September; and the grilse and sea-trout run in June and July. The
heaviest fisli taken in the fixed engines in 1890 was 30 lbs. The bye-

laws are fairly well observed ; but it is suggested that the fishing season

on the Girvan should begin later and close later. The watching seems to

be very imperfect, as it is stated— ' We have liad no watcher for a year.

' We should have a water-bailiff permanently.' There are no fewer than

8 dams on the Girvan—a large number for a small river—and it is said

that many of these prevent the passage of salmon, except in floods.

The natural obstructions on the Girvan are the falls at Blairquhan and
at Tairlaw. * Both should and could be easily removed.' Compulsory
powers should be granted for the opening up of these; and it is not

thought that the proprietors would insist upon unreasonable conditions.*

The sewage, (fee, from the town of Maybole is said to kill thousands of

fish in the Girvaji and tributary. The District Board have threatened to

prosecute the Maybole authorities under the River Pollution Act. "With

regard to the ' Wild Birds Protection Act, 1880,' it is stated that 'salmon
' and trout ova are very much destroyed by sea-birds, especially gulls

;

* hundreds of them frequent the river in dry summers.

The take of salmon is said to have increased last year in the Doon. The River

But no statistics of the catch are given. The protection is said to be Doon.

generally efficient. There are two water-bailiffs employed by the proprie-

tors, and there is very little illegal fishing. The fishings on the Doon
have often suffered severely from poisonous discharges from coal-pits and
ironworks. Once, when I visited the river many years ago, all the fish—

-

even eels—between the pits and the sea were destroyed by a tlischarge

from the Carnahan coal-pits ; and it is stated that, last year, the river

* For desoription^of falls at Blairquhan, see my second annual Report to the

Fishery Board, page 125 ; and for account of the falls at the Linn of Tairlaw, see

my sixth annual Report, pages 63 and 64.
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was polluted for some days by a discharge from one of the pits of the

Dalmellington Iron Company, by which about 150 fish were destroyed.

But this has now been remedied. The ' AVild Birds Protection Act, 1880,'

is strongly protested against, and its repeal, as regards Scotland, is

suggested. ' The destruction,' it is stated, * of young fish by wild birds
* bred on Ailsa Craig is enormous.'

I have not received any answers to the printed queries from the District

Boards on the Scottish side of the Solway Firtb. But Mr J. Bell Irving,

of Mount Annan, has favoured me with the following answers :

—

The take of fish has diminished, chiefly owing to over-netting in the Solway,
and, in a minor degree, to the absence of water-bailiffs on the upper waters of

the Annan and its tributaries. Whamniel-nets, which have doubled in num-
bers in recent years, sweep the whole Solway, in season and out of season, with
nets nearly half-a-mile in length, and, consequently, they get nearly all the
salmon making for the Annan, Esk, and Eden.*
About 80 fish have been killed by rods in the Annan during 1890. The

heaviest salmon was 47 lbs.

With regard to the observance of the annual and weekly close times,

Mr Irving writes as follows :

—

Whammel netters specially defy the law, and continue to fish as long as the

autumn run of sahnon continues. Appoint a Commissioner to go into the

whole matter, and let him call on me and I will explain fully. One thing is

to assimilate the laws governing both sides of the Solway. Alter the Annan
private Act so as to give bailiffs power to the centre of the channel, instead of,

as at present, to low-water mark only. Change the quarters of the bailiffs to

Annan Water-foot, and provide them with another and a smaller boat.

The period for the commencement and termination of the annual close

time is stated not to be suitable for the Annan District :

—

Don't allow salmon to be taken by net or rod till the middle of April. They
only destroy the kelts.'

Weekly close time for stake-nets should be three clear tides. Only the lower
portion of the main river is protected by water-bailiffs in uniform—a great draw-
back. They are members of the County Constabulary, sent and paid by the
Fishery Board, and are subject to its instructions through the Chief Constable.

Four are employed permanently by the Annan Board, and one extra for two
months at close of net-fishing.

Illegal netting is prevalent in the Annan district by ' whammelers, or drift-
* net fishers, in the Firth, and by * burning the w^ater ' in the upper waters during
* the winter, also by poachers from Dumfries, who net in the tributaries and
' higher waters. There are a few prosecutions for the above offences, but seldom
' a conviction.'

The artificial obstructions on the Annan in the shape of dams are:

—

Annan, Newbie, Brydekirk, Murray thwaite, and Dormont. Newbie dam has
half-a-dozen upright iron stakes in the fish-pass. These were put in to board
up the pass when the water was low\ Branches and rubbish frequently catch
on there and completely block the pass. No grating at the entrance to the mill-
race, only one at the mill-wheels, half a mile below. Byewash at the mill only
a pipe at much too abrupt an angle, and only open on Sundays. Sluice in the
mill-race only lowered in time of heavy floods. Many salmon are taken out of
the mill-race by poachers in the spring months. When they cannot get through
the pass or over the dam, they go down the mill-race, half a mile in length,'and
are stopped by the grating at the mill-wheels. Through this grating the fry on
their way to the sea are sucked, and as they fall on the revolving wheels, a sort

of massacre of the innocents goes on continually in the spring.

* The construction and mode of using these very objectionable whammel, or hang
nets, is fully explained in my second annual Report to the Fishery Board, pages
94, 95.

Rivers on
Scottish side

of Solway
Firth-
Answers by
Mr J. Bell,

Irving.
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Mr Irving thinks that the whammel or drift nets such as are used in the

Solway are ' bound to exterminate the fish in time, if they are permitted

to continue fishing in the narrow channel of the estuary of the

rivers.'

He states that he brought the unsatisfactory and illegal position of the

Newbie dam, fish-pass, mill-lade, &c., and the evils to the fisheries arising

therefrom, under the notice of the Chief Constable and the Secretary to

the Annan District Board in May last, bat that no steps have as yet been

taken to enforce the provisions of the Bye-law (Schedule G) which regu-

lates such matters.

Printed papers with regard to the state of the Annan and the Solway

in 1890, which have been forwarded to me by Mr Bell Irving, will be

found in the Notes to this Report.

Two gentlemen in the Forth District have kindly sent me answers. Forth District,

namely. Sir James Maitland, the proprietor of the unrivalled piscicultural
^^I^^J^j^^g

establishment at Howietoun, near Stirling, and the well-known naturalist, Maitland amf^
Mr Harvie-Brown, author of a Fauna of Sutherland and Caithness, and Mr Harvie-

other works. Under the head of the queries connected with the salmon Brown,

disease. Sir James writes :

—

I think the Fishery Board for Scotland should be given full powers, to in-

quire, experiment, make and repeal bye-laws, and control generally, in the

^nhlic interest, all District Boards.

The hatchery at Howietoun is principally for trout—about six millions

of trout ova annually. With regard to the ' Wild Birds Protection Act,

1880,' Sir James writes :

—

I find the' herring-gull and the lesser black-headed gull veiy destructive to

trout. I recommend that these be legally destroyed on fresh-water ponds and
lakes.

Mr Harvie-Brown's answers relate to the river Carron, an important

tributary of the Forth, where, as appears from the first Statistical Account
of Scotland, there was excellent fishing in the last century. That, how-
ever, is now a thing of the past. ' Salmon '—says Mr Brown— ' have
utterly disappeared from River Carron, caused by shipping interests at

Grangemouth and Carron, as regards salmon, and entirely caused by gross

and ever-increasing pollution below Denny as regards trout—whilst salmon
and migratory trout will not face the pollution.'

Illegal fishing for trout is prevalent. Liming River Bonny takes place

every summer. No watchers and no prosecutions. Too many proprietors

uninterested in trout and interested in the business of polluters, who are

their tenants. For some five or six years, agreement was carried out
under common law, and the whole thing seemed in a fair way of success,

but ultimately broke down. County Councils should take the matter
up. The dams on the Carron are not worked in terms of the bye-law.

There are no fish-passes.

Mr Brown suggests, with regard to the salmon disease, that it arises

from over-preservation of old fish and autumn fish ; over-netting of spring
and summer fish ; and rapid rise and fall of water. Concerning the •

* Wild Birds Protection iVct,' he thinks that it should not be repealed or

modified without further and minute examination of the habits of the
birds protected.

* P'or ail account of the dams and lades mentioned iu Mr Bell Irvinfj's answers to
the printed (luories, as they were in 1883, see my Second Annual Report to tlie Board,
pages 88-90,
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* I hold any sucli repeal,' he writes, ' would be valueless so long as far greater
* evils are " l3linked." Old kelts, old fish generally, bull-trout {eriox\ large
* river trout (fario), and pike, are far more destructive than the birds. But pike
' and old fisli are my abhorrence. I would as soon think of preserving all the
' blackcocks on a hill, and shooting down the hens and young, as I would dream
' of doing, as is being done now, of preserving the old salmon to the loss and
' destruction of our spring and summer fish in the prime of life. And I would
* not permit bag-nets and engines to decimate and destroy our most valuable
* breeding stock. These facts, I hold, must be met and not " blinked," whatever
' difficulties have to be overcome between the " cross-purposings " of upper and
' lower proprietors and bag-net fishermen.'

Orkney—An-* It is a long leap from the Carron to the mainland of Orkney and the
swersfromMr oreat lakes of Stenness and Harray, which, under favourable circum-
Spence, Sten- j > j

stances and with^adequate protection, oitght to furnish about the finest

trout-fishing in Scotland."*^ Mr Spence has long been resident near them,

and has paid special attention to the fishing, both for yellow and sea

trout. The number of fish taken in 1890 was fewer than during the

previous year, because there were fewer anglers fishing. But the average

take per rod during the end of the season was a great improvement
on the previous season. This may be attributed to the fact that no

sweep-nets have been used in the Harray Loch for a few years past,

especially since the sluices were erected at the Bridge of Brogar. Several

baskets were made last year from 10 lbs. to 16 lbs.; whereas the previous

season the heaviest would not exceed 8 lbs. A few sea-trout run after

the middle of August, but not generally till the 1st September, and, as a

rule, continue to run during the month. The heaviest yellow trout caught

last year weighed 12 lbs. It was captured on a minnow. The bye
laws are now fairly well observed, and the annual close time is satis-

factory.

Members of the constabulary force take an occasional look round the

lochs, but illegal fishing is still prevalent. But since the recent prosecu-

tion under the Salmon Fishery Acts it has greatly diminished. The
offence prosecuted for, was setting stake-nets for trout under the pre-

tence of taking cuithes.

Mr Spence concludes his answers by the following statement of a diffi-

culty that has occurred with regard to the Loch of Stenness owing to a

recent decision in the Court of Session :

—

In reference to Loch Stenness, a considerable difficulty has arisen from the
decision recently given by Lord Wellwood in the Court of Session. It is this :

Cuithes and Flounders have been caught in considerable numbers annually in
in this loch, the latter to about 1000 per month during the winter. Owing to

his Lordship's decision, it is dangerous for fishermen to take these fish by
ordinary means. Now if the white fish, or at least the superfluous stock, are
not exterminateil in a few years, the loch will simply swarm with them, to the
entire exclusion of trout, which we so much desii e to protect.

Either the County Council or some other public body must draw up bye-
laws regulating the white fishing ; and even then there is the probability
of conflict between the operations of the bye-laws of such a body and the
provisions of the Salmon Fisheries Acts.

Reports from I have received thirty-two answers to the printed queries from hotel-
hotelkeepers, keepers having salmon or trout fishings attached to tlieir hotels—that is

or trout^fish-^^ ^^J' ^^^^ about half of the hotels in Scotland to which such fishings

ings attached are attached. Ten of the answers give the number and weight of the
to their

hf>tel8. X full account of these magnificent lochs will he found in my Fifth Annual
Report to the Fishery Board, pages 492-497.
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fish caught in 1890. The others give no return with regard to this.

But it is hoped that, in future, this defect may he remedied. From
these ten hotels which send returns, I hud that 98 salmon and grilse,

670 sea-trout, and 33,009 yellow trout were caught in 1890. If we
estimate—as regards yellow trout only—that the twenty-two hotels, which
have not answered my queries as to number and weight of fish caught,

had the same average as those which have sent returns, we get upwards

of 100,000 as the number of yellow trout captured in the waters attached

to the thirty-two hotels. But, if we take into consideration that thirty-

other hotels send no returns of any kind, it seems not improbable that

the number of trout killed in hotel waters in Scotland in 1890 was not

far short of 200,000. And this does not include the numbers killed in

the Clyde and its tributaries, and the Tweed and its tributaries, which

can be easily reached from the great centres of population in Edinburgh
and Glasgow, and many other streams and waters in Scotland.

The number of anglers is increasing year by year as the facilities for

travelling are augmenting by railway and steamer ; and the period does

not seem far distant when nothing but artificial breeding on a great scale

will supply the immense annual destruction. There is at present no a Close Time
annual close time for trout and char in Scotland, such as there is in for Trout.

England and Ireland; and many persons well qualified to judge are

opposed to a close time for trout in our great salmon rivers, as trout are

great destroyers of salmon ova and fry. But there might, at all events,

be a close time for trout in the numerous lochs and streams not frequented

by salmon.

At present, only about a third of the hotelkeepers who have sent me Artificial

answers appear to make any attempt to stock their waters with the finer

kinds of trout. Mr Angus Morrison, of the Melvich Hotel, Sutherland, ° ^ eepers.

states that he hatched out 43,000 ova during the last two years, and
stocked several lochs in the neighbourhood with Loch Leven trout. Mr
Eraser, of the Loch Awe and Dalmally Hotels, has put a number of Loch
Leven trout into Loch Awe ; and the landlord of Forsinard Hotel gets

Loch Leven fry from the Duke of Sutherland's Hatchery at Brora to stock

his lochs with. At Culfail, Mr John M'Fadyen states that he has

stocked the numerous lochs in his neighbourhood with Loch Leven trout

and American brook trout every year for the last ten years. Mr Donald
Ferguson, from the Stronachlachar Hotel, writes :

—

A few thousand two-year-old Loch Leven trout were put into Loch Katrine
a few years ago, and also some trout were introduced from Loch Arklet, an
adjoining lake celebrated for the high quality of its trout.

Mr Fleischman, of the Invergloy Hotel on the banks of Loch Loch}-,

writes that he intends building a Hatchery to rear salmon and trout; and
the landlord of the Panmure Arms Hotel, on the North Esk, says that,

some years ago. Loch Leven trout were put into the river, and that,

during the last year or two, some fine trout have been caught which are

supposed to be the result of the fry introduced. Mr ^I'Nab, of the Luss
Hotel on Loch Lomond, states that he hatched out from 8000 to 10,000
salmon ova last year; but, as he understands that the nets are to be put
on the Leven this year, he has no longer any interest in going on with

his hatching operations. At Inchnadamph, one of the best fishing

stations in Suthcrlandshire, there is, and has for some time, been a

Hatchery.

Increase in the fishings is reported from the hotels at Loch Awe, stations wher*
Dalmally, and Taycreggan on Loch Awe, while, at Port Sonachan on the fishing has

same loch, it is said to be much the same as it has been for several years,
^"oreased.



48 Appendices to Ninth Annual Ee'port

Increase is reported from the hotels at Luss, Culfail, Stronachlachar, Loch
Tummel, Lochinvar, Dunalastair, and Sligachan ; whilst decrease is

reported from those at Trosachs, Edzell, Forsinard, Inchnadamph, Free-

burD, Glenelg, Creagorry, and Stromness.

As to number of trout killed from one hotel, Altnakealgach, on Loch
Borrolan, seems easily to bear away the palm, surpassing in number,
though not in weight, for 1890, even the famous Loch Leven in Fife.

Mrs Macdonald writes that 22,000 trout, weighing 7151 lbs., were cap-

tured in 1890, the heaviest fish weighing 9J lbs. I have long known
Altnakealgach to be, perhaps, the best station for yellow trout fishing in

Scotland. Lochs Borrolan, Cama, Urigill, and Veattie, the Ledmore
and Ledbeg rivers, the stream issuing from Loch Urigill, and some other

streams, are open, and can be conveniently fished from the inn. I

remember seeing, a good many years ago, an entry in the visi-tors' book at

Altnakealgach, in which the writer stated that in ten days' fishing in the

month of August he had 105 dozen of trout with the fly. The migratory

salmonidce cannot reach the splendid lochs near the inn on account of the

falls near the mouth of the River Kirkaig, and the Black Falls, between
Lochs Cama and Veattie. A full description of these falls, and of the

lochs and streams that would be opened up if they were made passable

for salmon, will be found in my Sixth Annual Report to the Board, pages

42 and 43.

From Tummel Bridge Inn only about 200 trout were killed in 1890.

But the average weight is very remarkable, being, according to the state-

ment furnished me, 2^ lbs. The heaviest trout was 5f lbs.

Fishermen from Dalmally Hotel had 53 salmon from the River Orchy,

weighing 714J lbs.; average, 13J lbs. 800 yellow trout were also

caught in Loch Awe of an average weight of J lb. The heaviest salmon

was 28 lbs., and the heaviest trout 6 lbs. Mr Fraser writes as follows

about the salmon fishings in the Orchy :

—

Last season the salmon fishing has diminished, owing to the wholesale
slaughter with nets at the mouth of the River Awe and in Loch Etive. It is

impossible that we can have good fishing in the upper reaches until we have
two clear days along with Sunday closed free of nets every iveeh

Afterwards he writes :

—

New salmon blood should be introduced into the Orchy, which, I think
would improve the fishing in years to come, and the fish ought to be properly
looked after at spawning time.

Mr Fraser also notices the falls on the River Avich, which he thinks

should be made accessible for salmon to enter Loch Avich. A full account

of the falls in the River Avich and of Loch Avich, a fine expanse of water,

3J miles long, more than half a mile wide, will be found in my Sixth

Annual Report to the Board, pages 54 and 55.

Mr Fraser is owner of the Loch Awe Hotel as well as of the hotel at

Dalmally. He states that, in 1890, the trout fishing had improved, owing
to the stocking of the loch and strict watching by the Loch Awe Angling

Association during the close season. Three grilse, weighing 23 lbs., were

killed in 1890, and 1491 trout. The heaviest trout weighed 5 lbs. Mr
Fraser has a gauge of 7 inches, under which he allows no trout to be taken.

From Bunessan Hotel, Mull, 6 salmon, weighing 42 lbs.; 670 sea-trout,

averaging 1 lb. ; and 830 yellow trout, averaging 4 to the lb., were taken

in 1890. The heaviest salmon was 10 lbs. ; the heaviest sea-trout, 4|lbs.

;

and the heaviest yellow trout, 4J lbs. Mr Campbell, the landlord, writes :

—

I have not got the exclusive right to the fishings, and the numbers I have
given do not mean the whole catch. Yachtsmen poach with splash and scringe
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nets near the moiitli of the river, and spoil the run of fish. In dry seasons,

fish are prevented from running up for as much as a month, during which
time Bunessan Bay is alive with them. In such seasons the poaching is con-

siderable. My answers apply to Loch Assapool and the river from it alone.

The landlord of the Banavie Hotel has got No. 7 beat on the Eiver Banavie Hotel.

Lochy. In 1890, upwards of 200 lbs. weight of salmon and sea-trout

were captured. The heaviest salmon was 16 lbs.

Mr Ferguson writes that a note of the number of trout caught by rod Stronachlachar

has only been kept from the 27th May till the 11th of July, and between Hotel,

these two dates over 2000 trout were taken from Loch Katrine. But,

previously to the 27th May, a considerable number had been caught,

though no record was kept. Several of the trout weighed between 3 and
4 lbs. It is stated that the number of trout seems to have increased of

late years in the rivers and lochs attached to the hotel, more especially in

Loch Katrine, which is in more immediate connection with it, and the

fishing seems to be improving from year to year. The raising of the

loch 4 feet in 1859 by the operations in connection with the Glasgow
Water Works had a marked, though gradual, efi"ect on the improvement
of the fishings, both in quality and weight, and increasing the number
of fish by extending their feeding ground. There are also two hill lochs,

which have been stocked with trout, and which are now becoming feeders

to Loch Katrine.

With regard to the rarity of salmon in Loch Katrine, Mr Ferguson
writes as follows :

—

It has been very rare for a salmon to be caught in Loch Katrine, though a
few have been got, and there does not seem to be any natural obstacle to pre-

vent their access to the loch, unless the sluices that have been put up in order

to raise the lake to supply water to Glasgow, have the effect of preventing them.
But even before their erection, very few salmon found their way to the loch.

It would be proper that the outlet and the river flowing from the loch should
be inspected by a competent person in such matters, who could ascertain if

there were any impediment in the course sufficient to prevent the salmon from
getting up.

In 1883, I went over the rivers and lochs referred to by Mr Ferguson,

and I confess that I was rather puzzled to discover the reason why so few
salmon find their way into Loch Katrine. I could name other lochs in

Scotland to which they find access over much more serious obstacles

;

and, to take an instance in the same district, there is Loch Lubnaig,
where salmon are common, but which they cannot reach without over-

coming the falls and rapids of the wild river that rushes through the

Pass of Leny. The sluices referred to by Mr Ferguson, near the exit of

the river from Loch Katrine, and the great dam at the foot of Loch
Vennachar in connection with the Glasgow Water Works, are the only
obstructions.

226 J lbs. of brown trout were taken from the Breadalbane Arms Breadalbane

Hotel, Aberfeldy. No salmon or grilse ; but the landlord thinks that the ^^^^ Hotel,

earlier opening of the Tay for angling may make a difference, as any
salmon that are got have been always at the very commencement of the
fishing. He would open the Tay for rod-fishing on the 15th January,
and close it on the 15th September.
Mr M'Fadyen of the Gulfail Hotel states that 2800 yellow trout were Culfail Hotel,

caught on his waters in 1890, averaging 4 to the pound. * Yellow trout,'

he says, * have increased, because the district has become depopulated,
* and the few anglers coming to my hotel have no effect in diminishing
'the numbers.' The heaviest yeliow trout taken in 1890 was 21 lbs.

He notices the waterfall in the Pass of Melfort, which prevents salmon
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Forsinard

Mason's Arms
Hotel, Stroin-

getting up to much good spawning ground and to Loch Tralaig, and
expresses an opinion that ' Government ought to have the power of

* Wasting any obstructions or waterfalls that prevent salmon getting to

* good spawning ground.'

The fishermen from Forsinard Hotel took 15 salmon and 2388 yellow

Sndshim*^^'''
1^^^- ^^^^ heaviest salmon weighed 13 lbs., and the heaviest

yellow trout 4J lbs. The mouth of the river Halladale is severely netted,

or the takes of salmon would be much greater. Throughout Sutherland,

there is a rule which prohibits any trout to be taken less than 6 inches

in length.

Mr Mackay of the Mason's Arms Hotel, Stromuess, states that about

400 sea-trout and yellow trout, weighing 500 lbs., were taken from the

lochs of Stenness and Harray, in Orkney, in 1890. The number is

diminishing, owing to netting in these lochs with small-meshed nets, to

fishing with set lines, and to taking the trout going up the burns to spawn.

The heaviest yellow trout in 1890 weighed 12 lbs. He states that illegal

fishing goes on, and that there are no watchers ; also that a number of

fixed nets are set in the sea to prevent sea-trout going up to the lochs

after the commencement of the close season for nets.

With reference to the expediency of providing an annual close time for

yellow trout—such as there has been for many years past in England and
Ireland—which was recently strongly pressed by a deputation on the

Secretary for Scotland, I find that out of the 32 hotel-keepers, with

fishings attached to their hotels, who have returned answers to the

printed queries forwarded to them, 24 are decidedly in favour of such a

close time ; others return no answer to the query relating to this subject

;

some prefer a gauge of from 6 to 9 inches to a close time ; and only 3

object to a close time. Among those who are in favour of a close time,

however, there is a great diversity of opinion as to the time over which
that close time should extend. The following close times are suggested :

the same as that for salmon ; from 1st J^ovember to 1st April ; from 15tli

October to 1st April; from 1st October to end of January; from 15th

September to 1st March; from 30th September to 1st April; from 1st

October to 1st March; and from 31st October to 1st March. There is,

in short, great unanimity with regard to the necessity for a close time

for trout, but great diversity as to the proper period over which such a

close time should extend. If I were asked to name the most expedient

close time, I think I should be inclined to pronounce in favour of one

extending from 15th October to 15th February.

A close time
for yellow
trout.

Since the above was in print I have received answers to the printed

queries from the Tyne ; the Feugh and the Dye, two important
tributaries of the Aberdeenshire Dee ; and from Dr M'Mcoll of

Dalmally, the new Secretary to the Loch Awe Fisheries Improvement
Association.

^nswers from Jn the answers from the Tyne it is stated in reply to the query about

the Tynel^
^ artificial obstructions, that there are ' mill-dams at Hailes, at Sandysmill,

Haddington- * and at Abbeymill (all below Haddington), at Gimmersmills and the
»hire. < West Mill in the town, and some dams above the town. None of

* these are very serious obstacles, though capable of improvement. But
* there is a dam across the river at Amisfield, below the town, which is

* impassable. There are no ladders ; and none of the lades have hecks.
* Indeed, the lades and byewashes are used for the slaughter of fish.

* The dam at Amisfield is not connected with a mill.'
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Concerning natural obstructions, the following is the answer :

—

The only natural obstruction is at East Linton. There is extensive spawn-
ing ground above it ; but it is doubtful whether, if the fall were made pass-

able, the River Tyne would be frequented by salmon. At present, the only

migratory fish in the river seem to be bull-trout.

The following is the concluding statement :

—

In this district the yellow trout fishing is more valuable than any other,

there being practically no salmon. There is a unanimous opinion that there

should be a close time for yellow trout, from about 1st October to 15th
February.

The landlord of the Feughside Hotel sends me answers to the printed Answers from

queries. He states that the fishing has diminished owing to the Falls at
Hq^IJ^^^^^

the mouth of the Feugh. The heaviest salmon taken in 1890 was
10 lbs.; the heaviest sea-trout, 4 lbs.; and the heaviest yellow trout, 2

lbs. ' There is,' he says, * one great obstruction at the mouth of the
* Feugh to prevent salmon, &c., from ascending, which ought to be blasted,

* as there are splendid spawning grounds above
;

also, there is one artificial

* obstruction at the mouth of the River Dye.'

With reference to the above, I may mention that, in my first annual

Report to the Board, published in 1883, I wrote as follows about the falls

on the Feugh :

—

The only natural obstruction in the Dee district occurs on the Feugh, the
principal tributary of the Dee, just above the Bridge of Feugh. The Falls here
might easily be made passable for salmon, and 20 miles of river, with much
good spawning ground, would thus be opened up on the Feugh and its tribu-

tary the Dye. -

Dr M'Nicoll, like Mr Hartley, the former Secretary to the Loch Awe Answers from

Fisheries Improvement Association, is strongly in favour of another day Dr M'NicoU of

being added to the weekly close time. He is also anxious that the ob- ^ ^'

structions on the River Avich should be opened up, so as to allow the

migratory salmonidce to have access to the wide expanse of Loch Avich.

In connection with the opening up of Loch Avich, I may, perhaps, be Opening up of

allowed to quote what I wrote on the subject in my sixth annual Report Loch Avich.

to the Fishery Board, which is dated 28th February 1888. I there write

as follows :

—

In July last I inspected the falls on the Avich, a stream about 2 miles long,

which unites Loch Avich and Loch Awe. and flows through a picturesque
glen, for the most part thickly wooded. Loch Avich is a spacious and beauti-
ful sheet of water 310 feet above the level of the sea. It is 3J miles long and
5^ furlongs wide at the lower end, covering about 1000 acres. It contains
abundance of trout, bright-hued, well-shaped, und running from three to four
to the pound. I have no doubt it would be a capital salmon loch if the fish

could only get access to it from Loch Awe. But, unfortunately, there are
several waterfalls in the course of the stream which at present entirely
prevent the ascent of the migratory salmonidce. All of them, however, with
the exception of the lowest one, could easily be made passable ; and the cliief

(piestion to settle is. Would the expense of making the.se waterfalls passable for
salmon be compensated by the number of salmon captured annually in the
Avich and Loch Avich ? This is a somewhat doubtful matter.
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rocky channel on the left bank which could be opened up and deepened, at no
great expense, so as to let the salmon up. The third fall would only require

to have a resting-pool hollowed out about the centre of the fall. At the fourth

fall a channel on the right bank, behind a kind of grassy island, would have
to be deepened, widened, and made more easy in gradient. The crest of the

fifth fall would require to be blasted, and a resting-pool constructed. The
sixth fall is more a rapid than a fall, and would scarcely stop fish when the
river was in such a state as to induce them to run. Still, the opening up of

these six obstructions, taken together, in the course of a small stream about
2 miles long would cost the four or five proprietors on Loch Avich a consider-

able sum of money, though, at the same time, it would greatly enhance the

value and attractions of the river and loch from a piscatorial point of view.

In this, as in most other cases of the same kind, the claims of the

Crown to the salmon fishings which would be created by opening up the

obstructions in the Eiver Avich, and so salmonising the whole expanse

of Loch Avich, form the chief obstacle to any attempts being made by
the riparian owners to render them passable. It is understood that Mr
Fraser, of the Loch Awe and Dalmally Hotels, who is one of the pro-

prietors on Loch Avich, would be willing to attempt to make the falls on
the Avich accessible for salmon, provided he could obtain a title to

salmon fishings in Loch Avich.

I have the honour to be

Your obedient Servant,

ARCHD. YOUNG.

25th March 1891.

The Fishery Board for Scotland.
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NOTE I.

ANNUAL CLOSE TIME APPLICABLE TO THE SCOTCH
SALMON RIVERS.

N.B.—Observe that, in the following List, the days fixing the com-
mencement and termination of the Annual Close Time and of the
Extension of Time for Hod-fishing are, in all cases inclusive, as in

the case of the Add, the first River in the list.

Name of River. Annual Close Time.
JiiXtension oi iime
iUl jAULl-llijXlillg.

Add, , , . . . From Sept. 1 to From Sept. 1 to

Feb. 15, both Oct. 31, both
days inclusive. days inclusive.

Aline, ..... From Aug. 27 to From Aug. 27 to

Feb. 10. Oct. 31.

Alness, ... From Aug, 27 to From Aug. 27 to

Feb. 10. Oct. 31.

Annan, ..... CI J_ 1 /\ J.From Sept. 10 to From Sept. 10 to

Feb. 24. Nov. 15.

Applecross, .... From Aug. 27 to From Aug. 27 to

Feb. 10. Oct. 31.

Arnisdale {Loch Hourn), juiom Aug. to r 1 oni Aug. z / to

Feb. 10. Oct. 31.

Awe, ..... From Aug. 27 to From Aug. 27 to

Feb. 10. Oct. 31.

Aylort (Kinloch), From Aug. 27 to From Aug. 27 to

Feb. 10. Oct. 31.

Ayr, . . . . From Aug. 27 to From Aug. 27 to

Feb. 10. Oct. 31.

Baa and Glencoilleadar, From Aug. 27 to From Aug. 27 to

Feb. 10. Oct. 31.

Badachro and Kerry (Gairloch), From Aug. 27 to From Aug. 27 to

Feb. 10. Oct. 31.

Balgay and Shieldag, . From Aug. 27 to From Aug. 27 to

Feb. 10. Oct. 31.

Beauly, . ... From Aug. 27 to From Aug. 27 to

Feb. 10. Oct. 16.

Berriedale, .... From Aug. 27 to From Aug. 27 to

Feb. 10. Oct. 31.

Bervie ..... From Sept. 10 to From Sept. 10 to

Feb. 24. Oct. 31.

Bladenoch, , . . . From Aug. 27 to From Aug. 27 to

Feb. 10. Oct. 31.

Broom, , ... From Aug. 27 to From Aug. 27 to

Feb. 10. Oct. 31.

Brora, ..... From Ang. 27 to From Aug. 27 to

Feb. 10. Oct. 31.

Carradale {in Canlyre), From Sept. 10 to From*Sept. 10 to

Feb. 24. Oct. 31.

Carron, From Aug. 27 to From Aug. 27 to

Feb. 10. Oct. 31.

a. F.
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Name of River.

Clayburn, Finnisbay, Aven-nan
GEREN, StRATIIGRAVAT, NoRTH
Lacastile, Scalladale, and Maw
RIG [East Harris),

Clyde and Leven,

CONON,

Cree,

Creed or Stornoway, and Laxay
{Island of Lews),

Creran {Loch Greran), ,

Crowe and Shiel {Loch Duich).

Dee {Aberdeenshire),

Dee {Kirkcitdbright),

Deveron, .

IDON,

DOON,

Drummachloy or Glenmore {Isle of
Bute),

dunbeath,

Earn,

ECKAIG,

EsK, North,

EsK, South,

Ewe,

FiNCASTLE, MeAVEG, BaLLANACHIST,
South Lacastile, Borve, and Obb
( West Harris),

Findhorn,

Fleet {Suthcrlandshire),

Fleet {Kirkcudbrightshire),

FORSS, ....
Forth,

Fyne, Shira, and Aray {Loch Fy7

GiRVAN, .....
Glenelg, ....
GOUR, ....
Greiss, Laxdale, or Thunga, ,

Annual Close Time.
Extension of Time
for Rod-fishing.

From Sept. 10 to

Feb. 24.

From Aug. 27 to

Feb. 10.

From Aug. 27 to

Feb. 10.

From Aug. 27 to

Feb. 10.

From Aug. 27 to

Feb. 10.

From Aug. 27 to

Feb. \0.
From Aug. 27 to

Feb. 10.

From Aug. 27 to

Feb. 10.

From Aug. 27 to

Feb. 10.

From Aug. 27 to

Feb. 10.

iFrom Aug. 27 to

Feb. 10.

From Aug. 27 to

Feb. 10.

From Sept. 1 to

Feb. 15.

From Aug. 27 to

Feb. 10.

From Aug. 27 to

Feb. 10.

From Sept. 1 to

Feb. 15.

From Sept. 1 to

Feb. 15.

From Sept. 1 to

Feb. 15.

From Aug. 27 to

Feb. 10.

From Sept. 10 to

Feb. 24.

From Aug. 27 to

Feb. 10.

From Sept. 10 to

Feb. 24.

From Sept. 10 to

Feb. 24.

From Aug. 27 to

Feb. 10.

From Aug. 27 to

Feb. 10.

From Sept. 1 to

Feb. 15.

From Sept. 10 to

Feb. 24.

From Aug. 27 to

Feb. 10.

From Aug. 27 to

Feb. 10.

From Aug. 27 to

Feb. 10.-

From Sept. 10 to

Oct. 31.

From Aug. 27 to

Oct. 31.

From Aug. 27 to

Oct. 31.

From Aug. 27 to

Oct. 31.

From Aug. 27 to

Oct. 31.

From Aug. 27 to

Oct. 31.

From Aug. 27 to

Oct. 31.

From Aug. 27 to

Oct. 31.

From Aug. 27 to

Oct. 31.

From Aug. 27 to

Oct. 31.

From Aug. 27 to

Oct. 31.

From Aug. 27 to

Oct. 31.

From Sept. 1 to

Oct. 15.

From Aug. 27 to

Oct. 15.

From Aug. 27 to

Oct. 31.

From Sept. 1 to

Oct. 31.

From Sept. 1 to

Oct. 31.

From Sept. 1 to

Oct. 31.

From Aug. 27 to

Oct. 31.

From Sept. 10 to

Oct. 31.

From Aug. 27 to

Oct. 10.

From Sept. 10 to

Oct. 31.

From Sept. 10 to

Oct. 31.

From Aug. 27 to

Oct. 31.

From Aug. 27 to

Oct. 31.

From Sept. 1 to

Oct. 31.

From Sept. 10 to

Oct. 31.

From Aug. 27 to

Oct. 31.'

From Aug. 27 to

Oct. 31.

From Aug. 27 to

Oct. 31.
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JXlLllKXcil v^iUoC ± lUiCa
Extension of Time
for Rod-fishing.

GrUDIE or DiONARD, From Aug. 27 to From Aug. 27 to

Feb. 10. Oct. 31.

Gruinard and Little Gruinard, From Aug. 27 to From Aug. 27 to

Feb. 10. Oct. 31.

Halladale, Strathy, Naver, and From Aug. 27 to Close time for Rod-
BORGIE, Feb. 10. fishing from 1

Oct. to Jan. 10.

Helmsdale, .... From Aug. 27 to Close time for Rod-
Feb. 10. fishing from 1

Oct. to Jan 10.

Hope and Polla or Steathbeg, From Aug. 27 to From Jan. 11 to

Feb. 10. Feb. 10, and
from Aug. 27 to

Sept. 10.

Howmore, .... From Sept. 10 to From Sept. 10 to

Feb. 24. Oct. 31.

Inchard, ..... From Aug. 27 to From Aug. 27 to

Fob. 10. - Oct. 31.

Inner {in Jura), .... From Sept. 10 to . From Sept. 10 to

Feb. 24. Oct. 31.

Inver, ..... From Aug. 27 to From Aug. 27 to

Feb. 10. Oct. 31.

loRSA {in Arran), From Sept. 10 to . From Sept. 10 to

Feb. 24. Oct. 31.

Irvine and Garnock, From Sept. 10 to From Sept. 10 to

Feb. 24. Oct. 31.

Kennart, ..... From Aug. 27 to From Aug. 27 to

Feb. 10. Oct. '6h

Kilchoan or Inverie {Loch Nevis), From Aug. 27 to From Aug. 27 to

Feb. 10. Oct. 31.

KiNLOCH {Kyle of Tongue), From Aug. 27 to From Aug. 27 to

Feb. 10. Oct. 31.

KlllKAIG, ..... From Aug. 27 to From Aug. 27 to

Feb. 10. Oct. 31.

KiSHORN, ..... . From Aug. 27 to From Aug. 27 to

Fob. 10. Oct. 31.

Kyle of Sutherland, . . . From Aug. 27 to From Aug. 27 to

Feb. 10. Oct. 15.

Laggan and Sorn {Island oj May), From Sept. 10 to From Sept. 10 to

Feb. 24. Oct. 31.

Laxford, ..... From Aug. 27 to From Aug. 27 to

Feb. 10. Oct. 31.

Leven, ..... From Aug. 27 to From Aug. 27 to

Feb. 10. Oct. 31.

Little Loch Broom, From Aug. 27 to From Aug. 27 to

Feb. 10. Oct. 31.

LOCHY, ..... From Aug. 27 to From Aug. 27 to

Feb. 10. Oct. 31.

Loch Duich, .... From Aug. 27 to . From Aug. 27 to

Feb. 10, Oct. 31.

Loch Luing, .... From Aug. 27 to From Aug. '27 to

Feb. 10. Oct. 31.

Loch Roag, .... . From Aug. 27 to From Aug. 27 to

Feb. 10. Oct. 31.

LossiE, ..... From Aug. 27 to From Aug. 27 to

Feb. 10. Oct. 15.

Luce, ..... From Sept. 10 to From Sept. 10 to

Feb. 24. Oct. 31.

Lussa {Island of Mull), . From Aug. 27 to From Aug. 27 to

Feb. 10. Oct. 31.

Moidart, ..... From Aug. 27 to From Aug. 27 to

Feb. 10. Oct. 31.

MORAR, ..... From Aug. 27 to From Aug. 27 to

Feb. 10. Oct. 31.
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Name of liiver.

MULLANAGEKEN, HORASARY, and LOCH-
NA-CiSTE {North Uist),

Nairn, . . . . .

Nell, Feochan, and Euchar, .

Ness, . . . . .

NiTH, , , . , .

Orkney Islands (River from Loch of

Stenness, &c.),

Ormsary {Loch Killisport), Loch Head,
and Stornoway {Slull of Cantire),

Penygowan or Glenforsa, and Aeos,

Resort, . . . .

RUEL, .....
Sanda, .....
Scaddle, .....
Shetland Islands (River of Sand-
water, &c.),

Shiel {Loch Shiel),

Sligachan, Beoadford, and Portree
{Isle of Skye),

Snizort, Orley, Oze, and Drynoch
{Isle of Skye),

Spey, . . . . .

Stinchar, . . . . .

Tay, , . . . .

Thurso, ....
ToeeidOn, Balgay, and Shieldag,

Ugie,

Ullapool {Loch £room\

Uee,

Wick,

Ythan,

Annual Close Time.

From Sept. 10 to

Feb. 24.

From Aug. 27 to

Feb. 10.

From Aug. 27 to

Feb. 10.

From Aug. 27 to

Feb. 10.

From Sept. 10 to

Feb. 24.

From Sept. 10 to

Feb. 24.

From Aug. 27 to

Feb. 10.

From Aug. 27 to

Feb. 10.

From Aug. 27 to

Feb. 10.

From Sept. 1 to

Feb. 15.

From Aug. 27 to

Fob. 10.

From Aug. 27 to

Feb. 10.

From Sept. 10 to

Feb. 24.

From Aug. 27 to

Feb. 10.

From Aug. 27 to

Feb. 10.

From Aug. 27 to

Feb. 10.

From Aug. 27 to

Feb. 10.

From Sept. 10 to

Feb. 24.

From Aug. 27 to

Feb. 10.

From Aug. 27 to

Feb. 10.

From Aug. 27 to

Feb. 10.

From Sept. ,10 to

Feb. 24.

From Aug.!27 to

Feb. 10.

From. Sept. 10 to

Feb. 24.

From Aug. 27 to

Feb. 10.

From Sept. 10 to

Feb. 24.

Extension of Time
for Rod-fishing.

From Sept. 10 to

Oct. 31.

From Aug. 27 to

Oct. 15.

From Aug. 27 to

Oct. 31.

From Aug. 27 to

Oct. 15.

From Sept. 10 to

Nov. 15.

From Sept. 10 to

Oct. 31.

From Aug. 27 to

Oct. 31.

From Aug. 27 to

Oct. 31.

From Aug. 27 to

Oct. 31.

From Sept. 1 to

Oct. 31.

From Aug. 27 to

Oct. 31.

From Aug. 27 to

Oct. 31.

From Feb. 1 to

Feb. 24, and
from Sept. 10 to

Nov. 15.

From Aug. 27 to

Oct. 31.

From Aug. 27 to

Oct. 31.

From Aug. 27 to

Oct. 31.

From Aug. 27 to

Oct. 15.

From Sept. 10 to

Nov. 15.

From Jan. 15 to

Feb. 10, and
from Aug. 27 to

Oct. 15.

From Jan. 11 to

Feb. 10, and
from Aug. 27 to

Sept. 14.

From Aug. 27 to

Oct. 31.

From Sept. 10 to

Oct. 31.

From Aug. 27 to

Oct. 31.

From Sept. 10 to

Nov. 30.

From Aug. 27 to

Oct. 31.

From Sept. 10 to

Oct. 31.
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NOTE 11.

FEINTED QUERIES SENT TO CLERKS TO DISTRICT BOARDS,
PROPRIETORS OF SALMON FISHINGS AND THEIR
FACTORS, LESSEES OF SALMON FISHINGS, AND OTHER
PERSONS INTERESTED IN OR ACQUAINTED WITH THE
SALMON FISHERIES OF SCOTLAND.

Has the take of fish in your district increased or diminished? To
what cause do you attribute such increase or diminution—

{a) In tidal waters?

(6) In fresh waters?

(c) In fixed engines?

{d) Generally throughout the district ?

Can you give the number of fish caught in your district, exactly or

approximately

—

{a) By net and coble ?

^6) By fixed engines ?

(c) By rods?

At what period of the year in your district

—

(a) Are the first clean fish taken ?

{h) When is the main take of salmon ?

(c) When do the grilse and sea-trout run ?

What was the weight of the heaviest salmon or trout caught in your

district in 1890—

{a) By net and coble ?

{b) By fixed engines ?

\c) By rods?

1. Are the bye-laws regulating the observance of the annual and
weekly close times by net and coble, and by stake, fly, and bag nets

strictly observed in your district ? If not, can you suggest any means
which would conduce to their stricter observance ?

2. Is the period fixed for the commencement and termination of the

annual close time in your district satisfactory ? If not, what change
would you suggest ?

Is the system of protection in your district efficient? Are the men
employed as river-watchers members of the County Constabulary Force,

or are they employed by, and subject to, the District Board ? State the

number of Water-baililFs employed in your district.

Take of Fish.

Annual and Weekly Close Times.

Protection.
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Illegal Fishing.

Is illegal fishing prevalent in your district 1 Were any prosecutions

instituted under the Salmon Fishery Acts in 1890 1 If so, for what

offences were they instituted, and what has been their result 1

Aktificial Obstructions to the Passage of Salmon.

1. Mention the dams and cruives in your district, and state w^hether

they are worked in accordance with the provisions of the Bye-laws

(Schedules F and G) regulating the same.

2. Are there salmon-ladders or passes on all the dams in your district

;

and if so, do they afford at all times a free passage to salmon wishing to

ascend ?

Natural Obstructions to the Passage of Salmon.

1. Mention the natural obstructions in the shape of waterfalls in your

district which prevent the ascent of salmon. State whether there are

good and extensive spawning grounds above them, and give your opinion

as to the best mode of opening up such spawning grounds, by attaching a

salmon-ladder to the fall
j
by blasting it ; or by a combination of the two

methods.

2. At present, District Boards, under the 13th section of the Salmon
Fisheries Act of 1868, have power to attach a fish-pass to a waterfall by
agreement with the proprietor. There is no compulsory power, similar

to that which is conferred, under certain conditions, on Boards of Con-
servators in England by section 49 of the Salmon Fisheries Act of 1873.

Would you be in favour of giving such compulsory power ; and if so,

under what conditions and restrictions %

Pollutions.

Are any of the streams in your district contaminated by pollutions ?

If so, mention them, state the nature of the pollution, whether it is in-

creasing or diminishing, and also whether any steps have been taken by
the polluters to neutralise the pollution before returning the water used

by them into the river.

The Salmon Disease.

1. Has the salmon disease shown itself in your district? If so, when
did it first make its appearance 1 Has it attacked kelts only, or both
kelts and clean fish 1 Is it increasing or diminishing 1

2. Have you formed any opinion as to what has caused it, and what
will prevent or cure it 1

3. Do you think that there is sufficient provision made in the Salmon
Fishery Acts of 1862 and 1868 to authorise District Boards to order

their watchers to remove from the rivers and burn or otherwise destroy

diseased fish ; or do you think that more specific authority should be
given in a future Act 1

4. Generally, have you any remarks or suggestions to make with regard

to the salmon disease ?
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Artificial Propagation op Salmon.

Is there any hatchery in your district for the artificial propagation of

salmon and trout, either belonging to the District Board or supported by
private enterprise 1 If so, describe its situation, and state how many fish

can be hatched out in it annually.

Proportion of Male to Female Salmon.

Can you state the proportion of the male to the female salmon in your

district or river, specifying whether your return, so far as it goes, is based

upon an estimate or on actual enumeration 1

Wild Birds Protection Act, 1880.

Do you think that the ' Wild Birds Protection Act, 1880,' which pre-

serves a variety of birds—specified in the schedule attached to the Act

—

which destroy salmon and trout ova and fry, should be repealed as regards

Scotland 1

General Question.

Are there any other points relating to the salmon fisheries in your

district to which you wish to direct the attention of the Board, in

addition to those suggested by the preceding queries ?

NOTE III.

PRINTED QUERIES SENT TO HOTELKEEPERS IN SCOTLAND
HAVING SALMON OR TROUT FISHINGS ATTACHED TO
THEIR HOTELS.

Take of Fish.

1. Has the number of salmon, sea-trout, and yellow trout increased or

diminished, of late years, in the rivers and lochs attached to your hotel ?

To what cause do you attribute such increase or diminution, as the case

may be 1

2. Can you give the number and weight of the salmon, sea-trout, and
yellow trout caught by the rod in the hotel waters during the season of

1890]
3. What was the weight of the heaviest salmon, sea-trout, and yellow

trout caught in your hotel waters during the season of 1890 ?

4. At what time are the first clean salmon taken 1 AVhen do the

grilse and sea-trout run ; and when is the main take of salmon, grilse, and
sea-trout ?

5. What are the best months for yellow trout fishing in the waters

attached to your hotel 1

6. Is the average weight of the yellow trout in your hotel waters increas-

ing or diminishing 1 To what cause do you attribute such increase or

diminution, as the case may be 1

Artificial Breeding.

Is there a Hatchery in connection with the waters attached to your
hotel ? If not, has any attempt been made to stock the waters with Loch
Leven trout, American brook trout, or Rainbow trout from Howietoun or

other Hatcheries.
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Annual Close Time and Gauge for Yellow Trout.

At present there is neither an annual close time nor a gauge for yellow

trout in Scotland. Do you think that it would be desirable to have

such a close time or a gauge to prevent the basketing of too small trout 1

If you think so, state over what months the annual close time should

extend, and also state what length you would fix for the gauge.

Illegal Fishing.

Is there any illegal fishing in the waters attached to your hotel ; or are

they so efficiently watched as to prevent such fishing ?

Natural Obstructions to the Passage of Salmon.

1. Mention the natural obstructions in the shape of waterfalls in your
district which prevent the ascent of salmon. State whether there are

good and extensive spawning grounds above them, and give your opinion

as to the best mode of opening up such spawning grounds, by attaching

a salmon-ladder to the fall
;
by blasting it ; or by a combination of the

two methods.

2. At present, District Boards, under the 13th section of the Salmon
Fisheries Act of 1868, have power to attach a fish-pass to a waterfall by
agreement with the proprietor. There is no compulsory power similar to

that which is conferred, under certain conditions, on Boards of Con-
servators in England by section 49 of the Salmon Fisheries Act of 1873.

Would you be in favour of giving such compulsory power ; and if so,

under what conditions and restrictions ?

Wild Birds Protection Act, 1880.

Do you think that 'The Wild Birds Protection Act, 1880,' which pre-

serves a variety of birds—specified in the schedule attached to the Act

—

which destroy salmon and trout ova and fry, should be repealed as regards

Scotland ?

General Question.

Are there any other points in connection with the fisheries in the

waters attached to your hotel, to which you would wish to direct atten-

tion, in addition to those contained in the preceding queries ?

NOTE IV.

BESCHIPTION AND PLAN OF PROPOSED PASS FOR OPENING
UP THE FALLS ON THE TYNE AT EAST LINTON. Drawn
up by G. H. list, Esq., Chief Constable of Haddington and
Berwick.

The Tyne falls over rocks at East Linton 14 feet perpendicular, but
there is a Fish-pass from 11 to 14 feet wide cut in the rocks. It is 93 feet

long, but is very irregular in its fall, one part having a rise of 6 feet in 1

4

feet.
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It is proposed to lengthen this pass to 115 feet, the ponds to be about 10
feet square and 2 feet deep^

A larger pond for fish resting in is to be half way up.

The spaces between each pond to be a run or incline thus,

6 feet broad, and rising 2 feet in the 6 feet. It is not a jump.

NOTE V.

STATEMENT WITH REGARD TO THE RIVER ANNAN, BY
MR J. BELL-IRVING, MOUNT-ANNAN.

Annan Caul, Fish-Pass^ <^c.—In the licences granted by Mr Beattie

to rod-fishers in Mr Mackenzie's section of the water, it is stipulated that

no fishing is permitted within 50 yards of the pass, in the Caul below
Annan Bridge. This stipulation, however, is ignored by many, and the

salmon, which collect in a small pool just below the pass waiting for the

tide, are systematically snatched and hauled out. The usual way in which
this is done is by the use of a triangle of hooks, with lead sinkers and on
strong tackle. These are thrown across the pool, and dragged through it

in a succession of jerks tiU the hooks strike a fish, when it is drawn down
stream and run ashore on the gravel.

Recently two cases of poaching or dragging below the Caul were tried

before the Sheriff in Dumfries, but, from some flaw in the wording of Mr
Beattie's lease, in the one case, and from insufiicient evidence in the

other, the parties got off ; and I have noticed in the past the great diffi-

culty there is in obtaining a conviction in such cases.

I have personally seen four salmon taken with the fly this autumn, all

of which were scored and torn as if by foul hooking, and I have been
told of other similar cases higher up the river.

As the rod-fishing in Mr Mackenzie's water will probably be in the

hands of the river proprietors next season, I would suggest that the

licences granted read as follows :
—

' From the Black Pool to Annan
' Bridge, and from the lower end of Annan Caul to Annan Waterfoot.'

Also, let stakes be driven into the banks of the river so to clearly define

the limit, and let a notice board be put up warning fishers that if the

terms of the licence be broken it will at once be cancelled.

Hanks or stakes should also be placed in each of the pools in Mr Mac-
kenzie's water, as is done in pools higher up, to prevent illegal netting.

Newhie Mill Caul, Fish-Pass, ^c.—The Caul for this mill is situated

between Warmanbie and Northfield, and its peculiarities are that it is

built very obliquely across the river, and ends in a long tail
;

also, that it

is furnished with a very badly-placed fish-pass, in which arc half-a-

dozen upright iron stakes, which, I understand, have been utilised for the
purpose of boarding up the pass when the river was low, in order to in-

8 F. h
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crease the flow of water to the mill. On these stakes branches and
rubbish catch, so that at times during the spring and summer months the

pass is completely blocked j and even when free from wreckage there is

sometimes not over half a foot of water passing through it.

In proof of what T say, I would mention that over 50 salmon kelts

were one day last spring netted in the pool above and turned over the

caul by Mr Seattle's men in presence of the water-bailiffs, and I need
hardly add that these fish were pool bound and unable to get through the

pass. On this same occasion not a single fresh-run sea-trout was caught,

though it was their usual season for running—another proof, if any were
needed, that the pass is not in a proper state.

The mill-race from the Caul to Newbie Mill is upwards of half a mile

in length, and down this a strong and deep current flows, yet there is

neither sluice nor grating at its entrance, consequently fry, salmon, sea-

trout and herling kelts, on their way to the sea, go down it in great

numbers. The salmon are stopped at the big mill wheels by a grating

through which they cannot pass, and the bulk of them are taken out by
poachers, w]j.o hang about the mill-race during the early spring months.
The fry, and also sea-trout and herling kelts, are sucked through the

grating; the former I have seen there in thousands, when many were
taken through the bars ; and as the water falls with considerable force on
the flanges of the revolving wheels, which sweep to within an inch or two
of the bottom, they must necessarily receive injury or be killed. At one

side of the wheels there is a pipe used as a bye-wash, but I believe this is

never open except on Sundays, and its angle is so abrupt that any fish

passing through it is probably dashed against the mill-wall below. There

is also a sluice some way above the mill, but this is only lowered in time

of heavy flood for the protection of the mill, which works continuously

night and day from Monday morning to Saturday night.

Until a year or two ago this mill was comparatively a small affair with

only one wheel, and it might be advisable to inquire into the nature of its

licence, for as it is at present worked with two wheels, it draws so much
water from the river that considerable mischief is done.

The state of the pass and the unprotected state of the mill-race, which
should be provided with a grating at its entrance, were brought by me to

the notice of the Secretary of the Fishery Board, and also to that of the

Chief Constable, in May last, but these matters do not appear to have as

yet received the attention which they so urgently require. No doubt

there are other cauls—fish-passes and mill-races further up the river and
on its tributaries which require looking to, though I confine my remarks

to what are more immediately under my notice.

The headwaters of the Annan and its branches are left almost entirely

unprotected, ordy a few bailiffs being provided for some of the lower
sections of the main river. Most of the fish—salmon, sea-trout, and
herling—run to the higher waters and spawning grounds, and it is a fact

that but few return, most of them being taken out by shepherds and
others, who look forward to this their winter fish harvest. The fry, too,

are caught in great numbers by boys, and even men, during the spring

months, and a gang of poachers from Dumfries have of late years been in

the habit of netting the upper pools and clearing them of trout, &c.

I would suggest that gamekeepers on the estates through which the

rivers pass be granted certain powers for the protection of the fish, for the

knowledge that they have such powers would put a check on fish poach-

ing. Water-bailiffs, too, should be in undress instead of in uniform, in

order that they might the more readily surprise and come upon poachers

unobserved.
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Were the Solway and Annan cleared of poachers, and were existing

abuses remedied, there would soon be ten fish in the river where there is

only one now ; and proprietors, who naturally take but little interest in the

Annan in its present state, would then have the satisfaction, even if they

did not fish themselves, of being in a position to offer good sport to their

friends.

The spring salmon described by local and other newspapers as being

caught in the Annan in considerable numbers during the months of March,

April, and May, are nothing more or less than well-mended kelts, which

put on a silvery appearance, though thin and lanky ; and owing to the

hedge of nets about the mouth of the river, and the shortness of the

weekly close-time, only a few odd fish manage to get up before the 10th

of September ;
consequently the fishing is reduced to about two months

in the autumn, during which time this season I do not believe one hundred

fish were caught with rod and line throughout the whole length of the

Annan.
J. BELL-IRVING.

Mount-Annan, 2nd December 1890.

NOTE VI.

STATEMENT WITH EEGARD TO THE SOLWAY, BY
MR J. BELL-IRVING, MOUNT-ANNAN.

The Solway is at present infested by poachers, who, until the close of

the netting season, are the regular whammel or drift-net fishers licensed

by the Eden Fishery Board to fish on the English side of the Firth with

nets not exceeding 300 yards in length.

There are about forty boats engaged in this trade, and these make
Annan Waterfoot their headquarters, fishing both the English and Scotch

sides indiscriminately with from 300 up to 800 yards of net, and this, not

only in the open season, but so long as the autumn run of salmon con-

tinues. So emboldened have these men become by their own numbers
and the weakness of the force of water-bailiffs opposed to them, that they

openly defy the law, and boast of the great quantities of salmon which

they illegally take.

With such a length of net as is made use of, they are enabled to sweep

the whole Channel of the Firth, and thus take the great bulk of the

fish making for the Annan, Esk, and Eden, and even the Nith lower

down, so that it is easy to foresee that if the evil is not speedily put a

stop to, salmon fishing in these rivers will go from bad to worse, while

other rivers, such as the Dee and Derwent, must also suffer.

Poaching was carried on wholesale during last September and October,

and it was so vigorously prosecuted the previous autumn, that the water-

bailiffs affirm that not anything like the usual number of fish entered the

Solway this season, whilst in the river sport was never so poor.

Notwithstanding this, however, salmon were selling in and about
Annan during the close season at as low as 4d. per lb., although some of

the larger catches were despatched to other markets by dealers and others

in Annan without a question being raised.

The whammel-net licences having been greatly increased in numbers of

late years, poaching during the close season has doubtless been resorted to,

to make up for the smaller individual takes during the open season ; and
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if it be a fact that the Eden Board are about to extend the limits of their

fishing-grounds, this will only make the state of matters worse than at

present, if that be possible.

The weekly close time on the English side is from 6 a.m. on Saturday

to midnight on Sunday, and on the Scotch side it is from 6 p.m. on

Saturday to 6 a.m. on Monday. This anomaly is, therefore, taken advan-

tage of by whammelers to fish up to 6 p.m. on Saturday, and from midnight

on Sunday.

I would make the following suggestions, any of which, if found practi-

cable, would put a check on this wholesale poaching :

—

Bring to the notice of the Sheriff the fact that the small fines hitherto

imposed on net fishers have never had any apparent effect in stopping

illegal fishing, one draft of the net being often more than sufficient to pay
for such fines. Also represent to him the very great difficulty there is in

getting a conviction once the fish are caught, the bailiffs not appearing to

have sufficient power given them to seize salmon in the boats, at the

dealers', or at the railway stations.

Lay the whole case before the Eden Fishery Board, who, in their own
interests, would probably take prompt measures for the suppression of

the poaching by the whammelers.
This they could do by reducing the number of licences, and by can-

celling or not renewing others when those to whom they had been

granted were found fishing illegally. The matter of the weekly close

time should also have their attention, and they could send some of

their watchers with a boat to assist those at Annan Waterfoot during

September and October.

The house occupied by the water-bailiffs at Newbie, and the anchorage

of their boat there, should be changed. I understand there is a suitable

two-storied house near the east side of the entrance to the Annan, which
could be made available, and their boat should be removed into the

mouth of the river, as in its present position it is mudbound for long

after the whammelers get under weigh.

Provide the force with a smaller boat in addition to the present one,

so that they can readily get alongside the whammel netters, who, during

the close season, frequently go out fishing with their row boats under

pretence of trawling, but really with whammel-nets on board.

By this change in house and boats the bailiffs would have the fishing

fleet directly under their eye, and could watch all their movements, being

on the spot instead of being perhaps mud-bound a mile and a half away.

If it could be arranged for the various Boards to work together for the

general protection of the Solway, the watchers and bailiffs having power

to patrol either side of the Eirth, much good would be done ;
also, if they

could all be under the direction of one Chief, stationed at Annan Water-
foot, the stronghold of the whammelers, poaching would quickly be putdown.

Unfortunately, the laws governing the English and Scotch sides of the

Solway are at present very different, and as one law ought to govern the

whole, and as it is impossible to define the centre of the Channel, I should

think it only requires a representation to be made in the proper quarter to

have a Commissioner appointed to inquire into and report on the matter.

Most of the rivers in Scotland are being ruined by over-netting and
poaching, notably the Spey and the Tweed, and if legislation does not

soon come to their rescue they will cease to rank as first-class salmon

rivers. Those, therefore, having the interests of the rivers flowing into

the Solway in their keeping, should take warning in time.

J. BELL-IRVING.
Mount-Annan, 'Ind Decemher 1890.
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PART IIL—SCIENTTFIC INVESTIGATIONS.

GENERAL STATEMENT.

This part of the Ninth Annual Report deals with the Scientific

Investigations carried on by the Fishery Board during 1890, in

connection with the sea and other fisheries. An account is

also given of the scientific fishery work and the fishery regula-

tions in other parfs of the United Kingdom, in most of the

European States, in America, and several of the Colonies.

The scientific work has been carried out, and the scientific

report prepared, under the supervision of Dr T. Wemyss Fulton,

F.R.S.E., Secretary for Scientific Investigations, acting by the direct

instructions of the Board.

During 1890 the following, amongst other inquiries, were
carried on:—The influence of beam-trawling in the territorial

seas, and in the waters adjacent to the coast; the capture and
destruction of immature fish by trawl-nets, and how the evil

arising therefrom may be remedied ; the present condition of the

natural oyster beds on the West Coast of Scotland, and the

suitability of Scottish waters for the e^rowth and rearing of

oysters; the position and extent of the chief fishing-banks on
the East Coast of Scotland, with especial reference to those where
the herring spawns ; the reproduction, food, and migrations of the

food-fishes, and their development, particularly of two of the most
valuable of the flat-fishes, the plaice and the lemon sole.

Physical observations on the temperature and density of the

sea have been made daily at ten fixed stations, five on the

East Coast, and five on the West Coast, and also on board the

fishery cruisers. In addition, reliable fishermen have occasionally

assisted in taking temperature observations during their visits

to the fishing-grounds.

A large part of the above investigations have been carried on
by means of the Board's steam tender the ' Garland,' under the

efficient command of Captain R. E. Simpson. The 'Garland' has

also proved so extremely useful, while occupied in her ordinary

duties, in protecting the waters in which beam-trawling is pro-

hibited, and in detecting trawlers engaged in ilbgal fishin^r, that

the I>oard deemed it advisable to request the Board of Trade to

appoint Mr Simpson a Sea Fishery Oflicer under the Sea Fisheries

Act, and this has accordingly been done.
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But the small size of the ' Garland,' and its consequent inability

to face anything but moderate weather, or to venture far from

port, interferes very much with its usefulness. For this reason

it has not been found possible to complete the observations, which

have already yielded such valuable results in the inshore waters,

by extending them to the breeding-places situated at some distance

from the shore, which form the great source of supply to the

territorial seas. The Scientific Investigations of the Board have

made it clear that the inshore grounds constitute to a large extent

a receptacle and nursery for many of the most important of the

food fishes, and that these, almost without exception, are spawned
remote from the coast. The old view that fishes sought bays

and shallow waters for the purpose of spawning, is no longer

tenable. It has therefore become of great importance, in view of

measures for the conservation of the fish supply, that these offshore

banks, frequented year after year by shoals of spawning fish, should

be thoroughly explored and investigated.

In some countries, as in Germany, the protection of the breeding

grounds is looked upon as of even greater importance than the

preservation of immature fish ; and the German Government have

initiated, by the aid of large, well-equipped vessels, a series of

surveys and explorations of the fishing-grounds in proximity to

the German coasts.

There are also reasons to believe that immature fish of cerUin

kinds, as turbot, halibut, haddock and lemon sole, are more
abundant on distant grounds than near shore.

In view of these facts, of the impoverished condition of the shore

fisheries, and of the significant falling off in the number of line-

fishing boats and line fishermen along the whole East Coast of

Scotland, which has been going on year after year since 1885,

it is most desirable that the survey and investigation of the

offshore spawning and fishing banks should be made with the

least possible delay. If the ' Garland ' were replaced by a larger

and more seaworthy vessel, capable of visiting the fishing-grounds

in weather when an ordinary steam trawler can easily carry on

her work, it would be within the power of the Board to push on
these investigations, and to prevent, in a manner much more
satisfactory than is possible under present circumstances, the

depredations of trawlers in the waters closed against that mode
of fishing.

For some time past the Board has been impressed with the need
of increasing the supplies of fish and shell-fish in the waters around
the coast by the aid of artificial propagation. Since 1885 there

has been a gradual, but great and almost continuous, decline in the

yield and value of the shore fisheries. This decrease, which is con-

sidered more in detail later, has been at an average rate of nearly

£14,000 per annum, and therefore represents a serious loss to the

fishermen and to the public. It was stated in last year's Report
that after full inquiry the Board selected Dunbar as, on the whole,

the best adapted and most convenient place on the Scottish coast

for the purpose of carrying on operations in the hatching of sea-

fish and shell-fish ; and that the War Office, which possesses land
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at the site, and also the Magistrates and Council of the burgh, had

given every facility for that object. The Board also expressed the

hope, which has not yet been fulfJlled, that the Government would
grant a special sum in order to allow of this work being carried

out. In many other countries whose sea fisheries are comparatively

of less importance than are those of Scotland, hatcheries for sea-fish

and shell-fish have been in operation for a number of years. In the

United States this branch of fishery work has been developed for

several years with successful results. Last summer enoruious shoals

of young cod were present off the Massachusetts coast, which the

fishermen, who, it is stated, are convinced that the work will be

vastly beneficial to them, are unanimous in considering to be due to

the efforts of the Fish Commission. At the Government hatchery

at Flodevigan, in Norway, during the present year, there were

hatched and planted on the fishing-grounds along the coast no less

than 192,000,000 of young cod ; and last year, at the sea fish

hatchery erected on Dildo Island by the Government of Newfound-
land, 17,000,000 of cod and over 400,000,000 of lobsters were
hatched and subsequently distributed in the inshore waters. The
Government of Canada, after sending a special Commissioner to

inquire into the Newfoundland hatchery, have lost no time in

erecting one in Nova Scotia, which will be in operation during the

present year. In Denmark the Minister of the Interior has given

special instructions that experiments on as large a scale as possible

in the hatching of sea-fish should be made; and the Belgian

Government, on the representation of the Maritime Association

that there had occurred a great diminution of fish along the coasts,

have requested the Eoyal Piscicultural Society to investigate the

matt^jr, with the view of taking remedial measures by artificial

propagation.

Under the above circumstances, the Board again desire to express

the hope that a special sum may be provided to enable the hatch-

ing and rearing of sea-fish and shell- fish to stock the territorial

waters to be begun on a large scale. It is understood that a sum
of £1500 would be sufficient to enclose the natural creeks at

Dunbar, described in last year's Eeport, and which further experi-

ence on the spot has shown to be admirably adapted for the

purpose.

Under present conditions, the Board have begun operations on a

limited scale for the hatching of lobsters. A natural creek at

Brodick, in Arran, has been enclosed and covered in, and is now
stocked with ripe lobsters, and hatching will begin in the course

of the summer. At Dunbar large tanks have been provided, and
as far as possible also stocked with ripe lobsters ; but this work
cannot be carried on satisfactorily, or on any adequate scale, until

the creeks at Dunbar are closed in.

The attention of tlie Board has also been directed to the absence
of lobster-fishing in the Shetland Isles. In the neighbouring
Orkney Islands a valuable lobster fishery exists, which, during the

past five years, has yielded to the fishermen there a sum of over

£20,000. Inquiries which have been made at Shetlanil show that

on the west coast lobsters used to be fished very successfully by
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a few crews from the East Coast of Scotland, and small quantities

are stQl occasionally taken on the east, and especially on the west

coasts of the islands. Some years ago a Banffshire crew of four

men, working for two months in the neighbourhood of the Barra
Isles, are reported to have realised £20 each for the lobsters they

caught in that time. Experiments are now being made as -to the

relative abundance of the lobsters on the shores around the Shet-

lands, which will show whether some such system as that adopted

in Arran is likely to succeed there.

The Board's Marine Laboratory at Dunbar has been fully equipped

for carrying on scientific work, and the plaice, flounder, and other

sea fishes have been hatched there during the course of the year,

and their development as far as possible studied.

At the Board's Marine Laboratory at St Andrews, w^hich is

under the able direction of Professor M'Intosh, F.E.S., a number
of important scientific investigations have been made in the

course of the year, the results of part of which are given in the

present Eeport.

The following is an account of the more important Scientific

Investigations undertaken during the year :

—

1. The Influence of Beam Tkawling.

The Trawling Exjperiments of the * Garland!

Throughout the year the trawling experiments of the ' Garland

'

were made at the regular trawling stations at the various parts

of the coast, the results of which are dealt with in a special

Keport under Section A.

It must be pointed out that the usefulness of these experiments

is liable to be seriously curtailed by illegal depredations of beam-
trawlers at certain parts of the territorial waters, where the

experiments are carried on. Tims, on a single morning recently,

the 'Garland' detected seven large steam-trawlers working within

the three-mile limit in Aberdeen Bay, where six of the regular

trawling stations are situated. It is evident that interference of

this kind with the 'Garland's' trawling stations must very pre-

judicially affect the investigations being made as to the increase

of the fish-supply in waters from which beam-trawling is supposed

to be excluded.

During 1890 the stations in the Firth of Forth, St Andrews
Bay, Montrose Bay, Aberdeen Bay, and the Moray Firth, were
examined, as were also the stations in the Firth of Clyde, which
were selected in 1888. In the course of the year, 135 hauls

were made at the various stations, in addition to a large number
of special hauls along selected lines, in connection with the

inquiries into the distribution and capture of immature fish.

When the weather was fine, occasion was taken to visit once

or twice an important fishing-ground lying 20 miles off the mouth
of the Firth of Forth, and some of those in the offshore waters

of the Moray Firth. But, for the reason already given, the

'Garland's' work at the great fishing-banks has been limited.
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Through the courtesy of Messrs Joseph Johnston & Sons, Mon-
trose, Mr Thomas Scott, F.L.S., one of the Board's naturalists,

was allowed, as in previous years, to accompany the large and
powerful steam-trawler, the ' Southesk,' on her visits to the East

Coast fishing-grounds, and by this means much information, not

otherwise procurable, has been obtained.

In regard to the results of the ' Garland's ' trawling experiments

last year, it was found that in St Andrews Bay and the Firth of

Forth there was a general increase in the abundance of fish on the

inshore grounds, but at Aberdeen Bay there was a decrease. The
increase was specially marked in cod, haddock, and especially in

whiting. All along the southern part of the East Coast whiting

were caught last year in greatly increased numbers. In the closed

waters of the Firth of Forth they were four times more numerous
than in 1889, and in the waters outside May Island they were six

times more abundant. This increase in whitings is no doubt owing
to the presence in the territorial waters of the Firth of Forth in

the autumn of 1889 of a vast shoal of young whiting, referred to

in last year's Eeport, and which was computed to contain over

230,000,000 of young fish. In St Andrews Bay there was also an
augmentation in the number of flat-fish captured, especially in

plaice and common dabs. In the Firth of Forth there was a slight

decrease in the quantity of flat-fish taken by the ' Garland,' con-

sisting of a decrease in plaice, lemon soles, and flounders. On the

other hand, there was an increase in the abundance of common
dabs and long rough dabs. It is noteworthy that dabs continue to

increase more steadily than do most other flat-fish. It was shown
in last year's Eeport that these fish attain maturity while still of a

very small size, and that most of the immature individuals escape

through the meshes of the trawl-nets. But since plaice and lemon
soles do not reach maturity until they are much larger, immature
specimens are captured in considerable quantities ; and this cir-

cumstance must not be lost sight of in considering the relative

increase or decrease of these fish. The scientific investigations

of the Board have proved that the territorial seas constitute

nurseries for many of the valuable food-fishes, and that the

spawning-grounds are situated beyond the three-mile limit, where
protection is not enforced. For example, the young whitings in

the immense shoals of 1889 above referred to were mostly spawned
at some distance from the coast, and gradually made their way into

the territorial waters in search of more abundant food and better

protection. Last year most of these fish, as they increased in size,

migrated further offshore ; and hence the great increase in the

capture of whitings east of May Island, as well as in the Firth of

Forth itself.

Special Fishery Statistics.

The special statistics collected during 1890, in connection with
the trawling experiments of the ' Garland ' and the proportional

productiveness of the inshore grounds from year to year, will be
found in detail in the present Report. There has occurred in

recent years—since 1885—a steady annual decrease in the number
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of line fishermen and fishing-boats prosecuting their calling along

the Scottish coast.

The following figures show the number of boats and fishermen

engaged in sea-fishing for the past nine years :

—

Number of

1882
1883
1884
1885
1886
1887
1888
1889
1890

Fishing-

Boats.

14,973

15,251

15,384

15,427

15,235

15,032

14,797

14,604

14.234

I^^umber of

Fishermen
and Boys.

48,926

49,722

49,860

51,097

48,919

49,221

48,618

47,943

47,150

Total Number
employed in

Sea Fishing Industry."'

99,396

101,011

102,563

101,037

96,895

100,194

97,881

99,857

96,534

These figures show that during last year the number of fishing-

boats, fishermen, and other persons engaged in the sea fisheries was
the lowest ever recorded; and that since 1885, when steam traw-

ling began to be vigorously prosecuted along our coasts, a great and
almost continuous decline has gone on, year after year, in the

number of men and boats employed. Last year there were 1193
fewer boats and 3947 fewer men than in 1885. The special

statistics obtained also show that there has been a marked diminu-

tion in the number of visits paid byline fishing-boats to the fishing-

grounds within the territorial seas in recent years. In the stretch

of coast extending from Aberdeen to North Berwick line fishermen

in 1889 made 42,898 ' shots ' of their lines within the territorial

waters, and only 34,501 in 1890, showing therefore a decrease of

8397 ' shots.' At the Fifeshire village of Buckhaven careful

statistics have been collected for a number of years by the Fishery

officer (Mr Mair), and these show that since 1886 there has been a

great and continuous decline ia the number of 'shots' made by
the boats belonging to the village. In 1886 the boats there made
7869 'shots' of their line on inshore grounds, while last year the

number was reduced to 3396, or less than half the number five

years previously.

On the other hand, the number of beam-trawlers regularly fishing

n the East Coast has greatly increased. The numbers for the

past eight years are as follows

Number of

Beam-trawlers.

1883 .... 43
1884
1885
1886
1887
1888
1889
1890

61

105
109
103
107
110
118

Tonnage.

2004
2284
2875
2914
2304
2689
3608
4705

This includes curers, coopers, and other persons, as well as the crews of trawlers.
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Many of these trawlers belong to English ports, but fish off the

Scotch coasts, and land their fish chiefly at Aberdeen. Since 1885

the relative numbers of steam beam-trawlers belonging to Scotland

and England respectively, and landing their fish at Aberdeen, are

these :-—

Scotch. English.

1885 .... 18 29

1886
1887
1888
1889
1890

13

10

18

20

31

29
38
42
53
47

During 1890 the quantity of fish landed by line-fishermen along

the East Coast of Scotland was 1,051,853^ cwts., as compared with

1,111,3201 cwts. in 1889, or 59,467i cwts. less than in the latter

year. Beam-trawlers lauded on the East Coast in 1890, 285,616J
cwts. of fish, and in 1889, 227,413f cwts., showing, therefore, an in-

crease during last year of 58,202f cwts., or an amount very nearly

equal to the decrease of line-caught fish. In the stretch of coast

previously referred to (from Aberdeen to North Berwick), where
special scientific statistics are collected, line-fishermen caught in

the territorial waters in 1890 107,229 cwts. of fish, and in 1889
129,965 cwts.—a decrease last year of 22,736 cwts., taken from the

waters where trawling is prohibited. The average catch per shot

was however greater in 1890 than in 1889. Last year each visit

to these fishing-grounds yielded 3-108 cwts., as compared with
3*029 cwts. in 1889, or a weight of fish amounting to scarcely nine

pounds per ' shot' more than in the previous year. Having regard

to the great diminution in the number of 'shots' of the fishing-

line made in 1890, as compared with 1889, it is diffieult to say

how much of this increase is due to prohibition of trawling, and
how much to the abstention of line-fishermen. At all events, the

productiveness of the territoral or inshore waters, so far as the

quantity of fish taken from them is concerned, has diminished.

2. The Capture and Destruction of Immature Fish.

In last year's Report a paper by Dr T. Wemyss Fulton was pub-
lished, defining the term * immature fish,' in relation to the differ-

ent kinds of food-fishes, describing their distribution in inshore and
offshore waters, and their capture by the various modes of fishing.

In the present Eeport will be found the results of a continuation

of this investigation, directed mainly to the determination of the

question whether immature fish captured in trawl-nets would sur-

vive if returned after capture to the sea. A large number of ex-
perimental observations on the subject were made on board the
* Garland,' and on board boats engaged in shrimp-fishing, and these

are fully described in the present Keport. It has been very widely
held that there was little use in returning immature fish captured
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in trawls to the sea, for the reason that they were likely to perish,

and that any regulations providing for the enforcement of such
procedure would be worse than useless, inasmuch as they would
involve additional labour on the part of trawl-fishermen, and the

loss of a small but appreciable source of food-supply. Two mem-
bers of the Committee on French Fisheries (MM. Giard and
Eoussin), who were requested by the French Minister of Marine to

inquire into the capture and destruction of immature fish by
shrimp-trawls along the French coasts, recently reported that great

quantities of immature fish were destroyed by* such means, and
that they perished when returned to the sea. These conclusions,

which do not appear to have been founded upon experimental

observations, have been extensively quoted on the Continent in

relation to fishery regulations, buD they do not agree with the

experiments made on board the ' Garlaad.' Dr Fulton points out

that in the great majority of cases immature fish captured in trawl-

nets do survive when returned to the water, and that most of the

flat-fish are liviug when landed on deck. The proportion of those

which perish in the trawl varies greatly, according to (1) the time

the trawl is down, (2) the nature of the bottom, and (3) the kind of

fish. Eound-fish, and very specially whitings and gurnards, are

most liable to succumb ; but flat-fish are much more tenacious of

life, as was previously shown by Professor M'Intosh, F.R.S., when
conducting the trawling experiments, at the request of the last

Royal Commission on Trawling. On a sandy bottom few fish, and
scarcely a single flat-fish, perish, even when the trawl has been
down for seven hours. On a muddy bottom the fatality is much
greater, but flat-fish rarely succumb under four hours. Id the case

of shrimp-trawling, which certainly causes the capture of immense
multitudes of immature fish, the latter were all alive and vigorous

when the net was hauled, and survived when returned to sea-water

without delay, as is done by the shrimp fishermen on the S )lway.

These conclusions are of special significance in relation to regula-

tions to prevent the destruction of immature fish. As is shown in

the Section on the Fisheries of Foreign States, there is a general

complaint as to the diminution of the fish-supply along the whole
of the North Sea coasts—namely, of Norway, Denmark, Germany,
Holland, Belgium, France, and England. In Denmark and France,

as in Italy, statutory regulations prohibiting the sale of immature
fish are at present in force. In Holland, careful scientific investiga-

tions are being made into the question by Dr Hoek on behalf of

the Government ; and at the Annual Fishery Conference, held the

other day in that country, a resolution was submitted requesting

that measures should be taken to prevent the destruction of immature
fish. In Belgium also the Maritime Association have adopted a

resolution to the same effect, and recommend that the fishery

cruiser should be equipped to undertake investigations similar to

those made by the ' Garland ' on the coasts of Scotland. On the

offshore grounds in the North Sea the diminution of prime fish has

also been serious, as is shown by the following official statistics

of the quantities landed on the east coast of England in recent

years :— ^
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Year. Turbot. Soles.
Other Prime

Totals.

1887
1888
1889
1890

Cwts.

57,561

48,760

44,272

40,763

Cwts.

67,874

52,151

47,747

46,187

Fish.

Owfcs.

109,424

105,057

25,848

46,137

Cwts.

234,859

205,968

117,867

133,087

So serious has this question of the capture and destruction of

immature lish become, that an International Fisheries Conference

was convened last year in London, under the auspices of the

National Sea Fisheries Protection Association, specially to consider

the subject. Delegates were present from Belgium, Denmark,
France, Germany, the Netherlands, and Spain ; and it was resolved

that scientific and statistical information should be collected in

different countries, and that an official International Conference of

European Maritime Powers should be held for the purpose of con-

cluding a convention to prohibit the landing and sale of undersized

fiat-fish within their respective jurisdictions.

3. The Fishing-Grounds on the East Coast of Scotland.

Hitherto no attempt has been made to represent topographically

the various fishing-grounds on the East Coast of Scotland, such as

has recently been accomplished by Captain Drechsel for those

of Denmark. In the present Eeport will be found a brief descrip-

tion of these fishing-grounds, prepared by Dr Fulton from informa-

tion supplied by Fishery Officers and fishermen along the East

Coast, together with two charts showing their position and extent.

The herring spawning-grounds and the spawning-grounds of other

food-fishes are represented. An attempt has also been made to

discover and indicate the sites formerly frequented by herring

shoals for spawning purposes and now deserted. It is well known
that the herring may capriciously and suddenly abandon a spawn-
ing-ground habitually frequented for generations, and may, after

the lapse of many years, as capriciously return. If the principle

held by the late Spencer Baird, the United States Fish Commis-
sioner, is correct—that it is the rule for fish to return to spawn at

the place where they were themselves hatched—it might be worth
trying whether, by depositing and protecting artificially fertilised

herring eggs on these deserted grounds, a profitable fishing might
not in the course of a few s Basons be re-established.

4. Inquiries into thb Food, the Reproduction, Habits, and
Migration of the Food-Fishes.

These inquiries have now been carried on for nearly three years

on board the * Garland,' and have yielded results of recognised value.

Similar investigations of a systematic nature have been organised in
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other countries—particularly in France and Denmark—and ai'e now
being carried out in the survey of the fishing-grounds on the West
Coast of Ireland recently undertaken through the co-operation of

the Government and the Royal Dublin Society.

The Food of Fishes.—Mr W. Eamsay Smith, B.Sc, deals with

this subject in a detailed report, based upon the determination of

the organisms found in the stomachs of many thousands of the

food-fishes by Mr Thomas Scott, F.L.S., during the trawling opera-

tions of the ' Garland.' It appears from the results of last year's

observations that the. kinds of organisms upon which the several

species of the food-fishes subsist remain fairly constant for each

species from year to year in a given locality—that, in other words,

the different kinds of fish select a particular food—and this was
one of the chief objects of the investigation. It will now be possible

to state with certainty and precision upon what organism each of

the food-fishes lives; and to ascertain to what extent worthless and
valuable fish compete for the food-supply on the same ground.

This has a very important practical bearing upon the proposals to

enlarge the mesh of trawl-nets in relation to the capture of imma-
ture (ish. For the past two years careful records have been kept
of the organisms brought up in the trawl-net when working on
various fishing-grounds ; and now that those which constitute the

food of the edible fishes have been determined, a report will be

prepared showing in what manner trawling affects the food-supply

of the various round-fish and flat-fish.

The Comparative Fecundity of Sea Fish.— The results of a

research on this subject by Dr T. Wemyss Fulton will be found
in the present Report, the fecundity of over a hundred specimens

of the food and other fishes, comprising thirty-nine species,

having been determined. The degree of fertility varies to an

extraordinary extent among different fishes, and according to the

sizes of the individual. The ling produces a greater number of

eggs than any other fish
;
20,000,000 to 30,000,000 may be con-

sidered an ordinary average among medium-sized and large

specimens. On the other hand, the pipe-fish brings forth each

season only a few hundreds, but in this case the eggs are taken

charge of by the male, who carries them about in a compartment
situated on his under surface. The cod produces from two or

three to seven or eight millions ; the haddock from two or three

hundred thousand to nearly a million ; the saithe from four or

five to seven or eight millions ; the torsk or tusk from about

one to two or three millions. In the herring the number ranges

from about 20,000,000 to about 50,000,000, the average for six-

teen specimens examined being over 30,000, showing a con-

siderably greater fecundity than has been generally supposed.

Among flat-fishes, the most fertile is the turbot, with from three

or four to nine or ten million eggs, and the least so the long

rough dab, which produces from about thirty to sixty thousand.

In proportion to its size, the flounder produces more eggs than

any other fish, the number ranging from over 500,000 to about

1,600,000. The common or English sole is also very fertile.

With the exception of skates and rays, and some other forms,
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most sea-fish fall into one or other of the following classes :

—

(1) Those whose ova are relatively very numerous and are pelagic,

floating isolated at or near the surface of the sea. This group

includes all flat-fishes, and all the marine food-fishes except the

herring. (2) Those in which the ova are pelagic, but are connected

by a continuous membrane and not isolated. The only fish on our

coasts whose spawn is known to act in this way is the angler or

monk. (3) Those whose ova are demersal, or lie on the bottom,

and are not numerous. This group comprises {a) fish which deposit

all their ova suddenly in the cjurse of a few hours or days, as the

salmon, lump-sucker, herring, smelt, &c., (h) fish which produce

successive crops of e^igs throughout the season, as the catfish, stickle-

backs, and most small shore forms. The weight of ova produced

in one season relative to the weight of the fish varies greatly, and
Dr Fulton shows how a consideration of this circumstance explains

several obscure facts, such as the very different proportions and sizes

of the sexes among fish. In fish with isolated pelagic ova, and in

several with demersal ova the spawning of any individual is pro-

longed, in some cases probably for months, owing to the necessity

for a certain large number of ova being produced which the fish

cannot carry in the ripe condition at once ; and this is associated

with a sudden expansion of the ova prior to extrusion. Thus, for

instance, in the plaice, a single female will produce in the course of

a season a weight of ripe eggs fully a third greater than the whole
weight of the fish, these eggs being shed over a considerable period.

The Invertebrate Fauna of Inland Waters.—The second

Eeport on this investigation by Mr Thomas Scott, F.L.S. is given

in the present volume. It deals with the invertebrate fauna of

sixteen fresh-water lochs in various parts of Scotland—namely, in

Kinross-shire, Fifeshire, Aberdeenshire, Eoss-shire, Inverness-shire,

Argyleshire, Caithness, and Orkney, including the well-known Loch
Leven. Mr Scott gives lists of the fauna found in these inland

waters, their distribution, and many interesting facts concerning

some of them. Since trout and other fresh-water fish live upon
these organisms, this investigation will in course of time furnish

valuable information as to why these fish vary so much in abund-
ance and quality in different lochs, and will also throw light upon
the obscure question of fish parasites. For instance, Mr Scott

some time ago found a parasite within a very minute fresh-water

Crustacean, v/hich he faithfully figured. This drawing came into

the hands of Dr Blanchard, secretary to the Zoological Society of

France, and an authority on helminthology ; and he, on examining
the specimen, found it to be the cystic stage of a tapeworm which
inhabits the intestines of ducks, but whose previous history was
unknown until Mr Scott made the discovery. The paper is illus-

trated by two plates.

The West Coast Fauna of the 'Garland' Expedition.—During
the expedition of the ' Garland ' on the West Coast, referred to

below, collections of the fauna were made by the tow-net, dredge,

and trawl ; and Mr W. Anderson Smith, who was deputed by the

Board to accompany the expedition, gives a general account
of the fauna obtained. The fish-supply was found to be poor
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on most of the grounds examined, and there were compara-

tively few places where an ordinary beam-trawl could safely run

for any time. Mr Smith points out that the whole fisheries of

the West Coast, at least inside the Outer Hebrides, are dependent

upon the herring, and that it seems useless to think of stocking

these waters artificially until the conditions are such as to provide

food for the young ; these conditions, being annual and meteoro-

logical, cannot be calculated on. During the expedition some rare

specimens were obtained, such as the red band-fish (Cepola ruhe-

scens) and Balanoglossns, the specimen of the latter being the first

obtained in Scottish seas.

Additions to the Fauna of the Firth of Forth.—In his further

paper on this subject Mr Scott describes thirty-one additional

species of Crustacea, including forms parasitic upon fish, discovered

last year in the Firth of Forth. Previous to 1887 about 120
species of Crustacea had been recorded for the Forth ; whereas now
there are, including those mentioned in the present paper, about

370 species, besides several which are still undetermined. Mr
Scott does not think this number can yet be considered as approxi-

mately representative of the crustp.cean fauna of our estuary, and
predicts that when the Firth of Forth becomes more thoroughly

and systematically worked up, the number of Crustacea will be

little, if at all, short of 500 species.

5. The Development and Life-Histories of the Food and
OTHER Fishes.

The Development of the Plaice.—Dr J. H. Fullarton gives in the

present Keport a preliminary account of the development of this

important flat-fish. Mr Scott, while on board the * Southesk,'

succeeded in fertilising a number of the eggs which were trans-

mitted to the Dunbar Laboratory, where they were hatched and
their development studied. The time which elapsed between
fecundation and the hatching of the young fish from sixteen to

eighteen days. Dr Fullarton describes the various stages from a

period shortly after segmentation had begun up to the absorption

of the yolk, and a number of these are represented in the three

plates accompanying the paper.

Observations on the Life-Histories and Development of the Food
and other Fishes.—During the year a number of fishery investiga-

tions were carried on by Professor M'Intosh, F.R.S., at St Andrews
Marine Laboratory, some of the results of which are dealt with in

the present volume. Few opportunities have hitherto been found
for the examination of the ova of the brill or its development.
While on board the * Southesk,' in April, Mr T. Scott fertilised a

number of ripe eggs of the brill with turbot milt, no ripe male brill

being available. Professor M'lntosh describes the eggs minutely,

and also the various stages up to and after the hatching of the

young hybrid. The ' Italian naturalist, Dr F. Ealfaele, who, on
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behalf of his Government, carried on an elaborate inquiry into

the floating ova of larval fishes in the Bay of Naples, has described

a young fish, which he supposed to be a brill, but which does not

agree in several respects with the larva hatched at St Andrews.
Another point now decided is the identity of a peculiar pelagic

egg, which occurs in considerable numbers at the fishing-grounds

off the Forth and elsewhere— the egg which Professor Mlntosh has

described in previous publications as ' Pleuronectid B.' It has

now been definitely determined that this egg belongs to the long

rough dab ; and the peculiarity of the ovum of this fish has special

interest in connection with its low degree of fecundity. Professor

M'Infcosh also describes the development of one of the most valu-

able of the flat-fishes found off the Scotch coasts, namely, the lemon
sole, fertilised ova of which were obtained by the assistance of

several of the fishery officers. Another investigation concerned the

reproduction of the sand-eel, which forms a valuable bait-fish, and
constitutes, in many places, an important food for the herring. The
eggs and larval forms of this fish have hitherto, for the most part,

escaped observation. During the present year ripe specimens were
obtained, and Professor M'Intosh now describes fully the characters

of the ova for the first time, which belong to the demersal group.

Descriptions are also given of a new but unidentified pelagic

egg and two larval fishes, and of the young stages of the gunnel,

the weever, &c. Professor M'Intosh also gives long lists of the

various pelagic fish eggs and larval fishes obtained by the ' Gar-
' land ' in the course of the year, while engaged in the trawling

experiments.

The Development of the Angler-Fish.—Professor E. E. Prince,

F.L.S., has, for the first time in this country, made a special study
of the development of this fish, the greatest enemy of the food-

fishes, the results of which are described in the present Report.

The spawn of the angler floats at the surface of the sea in the form
of a long ribbon, and is rarely met with. During last year, how-
ever, several specimens were obtained, and Professor Prince now
gives an account of its development and of the curious forms of the

young. The same gentleman also describes some features in the

egg and larva of the skulpin not hitherto described.

In recent years a gradual but considerable falling off in these

fisheries has been apparent, as the following figures show :

—

6. The Shore Fisheries.

1883,

1884,

1885,

1886,

. £82,945

. 80,939

. 89,193

. 73,287

1887,

1888,

1889,

1890,

£67,315
71,728

63,201

68,613

£326,364 £270,857
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Last year these fisheries gave much better returns than in the

previous year; but if the statistics for the first four years be

compared with those for the last four years, it will be seen that the

value has lately greatly decreased. The gross value of the shore

fisheries was, from 1883 to 1886 inclusive, £326,364, and from
1887 to 1890 inclusive, £270,857, or a gross decrease for the latter

period of £55,507. The decrease during the four years has been
—Lobsters, £20,965; crabs, £25,810; oysters, £2998; mussels,

£9186. On the other hand, clams, which are almost entirely

limited to the Firth of Forth, have greatly increased. In 1886 the

yield was valued at only £1256, while last year the value was
£3311.

The Suitability of Scottish Waters for Oyster Culture.—Last
year the ' Garland ' was instructed to proceed to the West Coast in

order to make an investigation of the condition of the natural

oyster-beds there, and to ascertain, as far as possible, the likelihood

of the oyster fisheries being re-established. This investigation was
undertaken by Dr J. H. Fullarton, who gives the results in the

present Keport. The Board also deputed Mr Anderson Smith,

one of its members, to accompany the expedition, in order to give

it the benefit of his knowledge regarding the oyster-beds and
fisheries of the West Coast. Dr Fullarton refers to the previous

flourishing condition of the oyster fisheries in Scottish waters, and
describes the physical and biological conditions of a large number
of the lochs in which oyster-beds once existed or exist now. The
various lochs are considered in two groups—(1) those in which
oyster-culture has been and is carried on ; and (2) those in which
oyster-culture has not been hitherto attempted. The former com-
prise Loch Crerau, where the most complete and careful experi-

ments in oyster-culture ever made in Scotland were conducted

by Mr Anderson Smith, West Loch Tarbert (Kintyre), and Loch
Ryan.

The second group of lochs visited by the ' Garland ' comprised

Lochs Swen, Tarbert (Jura), Spelve (Mull), Loch-na-Keal (Mull),

Harport (Skye), Greshornish, Killisport, Scridain, Sunart, Moidart,

Aylort, and Dunvegan. In West Loch Tarbert and Loch Ryan,
where oyster-culture has been successfully carried on for several

years, the conditions were found to be very favourable ; and it is

noteworthy that over 90 per cent, of all the oysters taken from
Scottish waters are obtained from these two lochs. Dr Fullarton

describes the conditions found in the various other lochs, and states

his opinion as to their relative suitability for oyster-culture.

On Bouchot Mussel-Culture and the Bouchot Experiment at

St Andrews.—A Report by Dr J. H. Fullarton on this method of

mussel-culture is contained in the present Report. He explains

in detail the system followed at certain parts of the French coast,

the description being based upon recent personal inspection of the

French bouchots and study of the system on the spot. The results,

so far as yet ascertained, of the experimental bouchot erected at St

Andrews are also given.

That the mussels on the wattles have outstripped in growth

the mussels on the bed alongside would be a rash conclusion
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iu no way justified by the conditions presently seen, and,

conversely, tlie bed mussels cannot be said to have grown much
more than those oa the wattles. In another year, wliatever

difference there is in the ratj of growth will be butter seen

by an observer. One thiog, however, is certain, and that is

that the mu3seh on the St Andrews bouchot have nob grown
so rapidly as do the mussels on the bouchots at the Bay oi:

Aiguiilon, so, in one aspect at least, the conditions of French
myticulture do not apply to the same system of mytioulture at

St Andrews.
Dr Fullartoa eaters into an elaborate calculation as to the

respective cost of a boachot in France and in Scotland, and the

return likely to be derive! in each case; and concludes that

this system of myticulture in S;3otland would result in an actual

loss.

The Bait Fisheries.

As stated in last year's Keport, the condition of the mussel-beds

at various parts of the coast are in an unsatisfactory condition.

The quantities of Scotch mussels landed for the past eight years

(in tons) are as follows :
—

1883, . . 14,078 1887, . . 13,814

3884, . . 12,467 1888, . . 12,481

1885, . . 12,213 1889, . . 9,441

1886, . . 13,063 1890, . . 9,058

51,821 44,795

These figures show that the yield of the Scotch mussel-beds
during the past four years has been over 7000 tons less than in the

preceding four years, and that the yield for last year is the lowest

ever recorded. As stated iu last year's Report, a steamer has been
running regularly along the East Coast, landing Dutch and English
mussels for the line fishermen. The quantity delivered (mostly by
rail from Leith) at Peterhead, Macduff, Stonehaven, and Buckie
last year was 1445 tons, valued at £3490. Mussels are also

obtained from Boston in England. The Dutch mussels are pre-

ferred to all others all along the coast, and vary in price from Is. lOd.

to 3s. per cwt.

A remarkable feature regarding bait is the enormous increase in

the clam-beds in the Firth of Forth in recent years. In 1886
these beds produced 9100 cwts,, valued at £1256 ; while last year

the yield was 25,706 cwts., valued at £3297. Besides supplying
the local fishermen with an excellent bait, large quantities are now
sent northwards along the coast. In 1889 the quantity thus

despatched from Leith and Nevvhaven by rail was 515 cwts. ; last

year the quantity increased to 5240 cwts,
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The Board propose t.) transport clams from tiie Firth of Forth to

selected localities ia tiie Moray Firth, when? beam-trawli/ig is

prohibited, with the view of developing cliim-beds for the use of

the fishermen alon^jj the neighbouring coast?.

7. PHYSICAL OBSERVATIONS.

In the present Keport will be foiuid an elaborate paper by

Dr H. E. Mill, F.K.S.E., F.R.S.G.S., on the physical observations

made at the tixed stations on the East and VVe:it Coasts, and
on board the ' Garland.' The records of the temperature and
density of the sea thus obtained constitute the most extensive

yet collected in this ©ountry, and have given S( me very interesting

results. The observations on th.e transparenc}' . i the water in the

Firth of Forth are unique. Dr Mill discusses in detail the sea

temperature, specific gravity, and salinity, at the various stations,

and saggists several methods by which the relations of fish-life to

physical conditions may be traced. The most important of his

conclusions are as follows :
—

The temperature uf the water on the East Coast is lower at all

times of the year than that on the West Coast. On the E ist Coast

the fresh waters of the Forth and Tay are carried by the tide north

and south along the shores, and do not spread far out to sea The
effect of the tide is even more important thjn that of sun-heat in

changing the temperature of the water through the day.

8. SCHEME OF SCIENTIFIC INVESTIGATIONS
FOE 1891-92.

The following, amongst other investigations and scientific work,

will be carried on during the current year.

1. Sea Fisheries.

A. Special Inquiries.

1. Inquiries into the influence of beam-trawling and other

modes of fishing.

2. ICxperiraents as to the introduction of the Common or English

Sole into the protected waters of St Andrews Bay and the Firth

of Forth.
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1). Investigations into Food, Ueprodaction, Migrations, and
Hahits of the Food-Fishes.

1. The food of lislies and the distribution ot th«j pJagic fauna.

2. The reproduction of the food and other tishe -.

3. The migratory moyeineiits and rate of gr -v. th of the food

fishes.

4. The period and duration of spawning of niuUuscs and other

invertebrate?^.

C. The Development of the Food Fishes.

Investigations into the development of the turbot, halibut, had -

dock, saiid-eel, common eel, &c.

n. Shore Fisheries.

1. Formation of clam bait-beds in the Moray Firth or other

suitable localities.

2. Inquiry into the abundance of shrimps along the Scotch
coasts, and experimental observations on the French system uf

capture.

3. Bait experiments and the preservation of bait.

4. The hatching and rearing of lobsters.

III. Inland Fisheries.

Inquiries into the organisms which form the food of fresh-water

fishes, and into the salmon.

IV. Physical Observations.

Continuation of the observations made at fixed stations and on
board cruisers aud fishing-boats.

9. CONTEMPOKARy FISHERY WORK.

An account is given in Section D, by Dr T. Wemyss Fulton
F.R.S.Fl, of the contemporary fishery work in Great Britain, Ireland,

Canada, Newfoundland, the United States, New South Wales, New-
Zealand, Norway, Swe Jen, Denmark, Germany, Holland, Belgium,

France, Spain, and Italy.

From this review of contemporary sea fisheries in other countries,

it appears that there is a general complaint as to the diminution of

fish in the inshore waters ; that measures for the prohibition of the

landing or sale of immtiture fish have been adopted, or are being

considered, in many countries ; that the artificial propagation of

sea-fish is now being prosecuted with vigour by the Fishery
Departments of several States ; and that scientific investigations

into the fisheries, by means of surveying expeditions, marine
laboratories, &c., are being greatly developed and extended.
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The Board is iodebbed to a large ii amber of foreign fishery

authorities and others far co-operation in their scientitic work.

Among these may be meiitiooeJ
; Dr P. P. C. Hoek, the Rcieatiiic

Saj)erintendeiit of Dutch Fisheries ; Professor Pouchet, the

Director of tiie Concirneau LAboratory ; Professor Marion, the

Director of the Marine Laboratory at Marseilles; M. Kaveret

Wrttel, Sacretary to the Societe ^^ationale d'AccUuiatacioa de

France; Captain Diune^'ig, the Superinlendent of tlie famous Sea
Fish Hatchery at Flodevig, Norwiiy

;
Captain Drechsel, Superin-

tendent of Danish Fisheries, an J the naturalist, Dr C. G. J.

Petersen; Sen.)r Eafael Gutierren Vela, of the Spanish Fisheries

Department; Professor Giglioli, Florence; Dr A. M. Main and
Dr Kadolf lAindberg, th^ Inspectors of Svvedish Fisheries; Sir

(^Iharles Tupper, the High Comaiissioaer for Canada; Mr Adolf
Nielsen, the Superintendent of the Newfjundland Fisheries;

Klo3ter-Kammer-Jirecti)r Herwig, the President of the Deutscher
Fischerei Verein , Dr Ehreabaum of C.irolininsiel ; Colonel Mar-
shall MacDonalJ, the United States Luih Commissioner; and Mr
Lindsay Thompson, the Chief Inspector of Fisheries, New South
Wales.

The Board have also to thank Sir Thomas F. Braily aad the

other Inspectors of Irish Fisheries, and Professor W. C. M'Intosh,

F.R.S., of St Andrews, for much assistance received.
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SECTION A —GRNEIiAL RKPORTS.

L—KEPOUT ON THE TRAWLING EXPERIMENTS OF THE
'GARLAND,' AND ON THE STATISTICS OF EAST
COAST FISHERIES. Part Y. (Plates I., H.)

L INTRODUCTORY.

During last year the various trawling stations on the East and West
Coasts of Scotland were examined by the ' Garland ' as heretofore. Each
of the stations in the Firth of Forth and St Andrews Ray was examined

once a month, so far as the weather permitted, and a large number of

special hauls were made at various parts of the Coast, in connection with

tiie inquiries into the capture and destruction of immature fish and other

related investigations. The stations lying ofl' the Forfarshire and Aber-

deenshire Coast, those in the Moray Firth, at the Orkney Lslands, and in

the Firth of Clyde, -were also examined. The results of these trawling

experiments of the ' Garland ' are given below, in the tables annexed to

this Report.

As far as circumstances allowed, an investigation was made of some of

the important fishing-grounds lying off the coast, particularly those east

of May Island and in the Moray Firth, which are periodically frequented

by shoals of the food fishes for the purpose of spawning. By the constant

use of the tow-nets at surface and bottom, and at intermediate depths, a

very large collection of pelagic eggs and larval and post-larval fishes has

been made. These are described by Professor M'Intosh in the present

report {inde, p. 334), and will materially aid in increasing our knowledge
of the reproduction and distribution of the food fishes.

As in previous years, one of the naturalists, Mr Thomas Scott, F.L.S.,

was enabled by the courtesy of the owners, Messrs Joseph Johnston and
Sons, Montrose, to accompany the steam-trawler ' Southesk ' on several of

her trips to the fishing-grounds, and the information thus acquired is of

special value in connection with the trawling experiments of the ' Garland.'

The statistics in connection with the trav/ling experiments which have
been collected as to the relative amounts of fish landed by line fishermen

and beam-trawlers along the East Coast, the quantities obtained by lino

fishermen from the territorial waters where trav ling is prohibited, the

proportional amounts of small fish landed by beam-trawlers and line fisher-

men, (K:c., are discussed below. A part of the work connected with the

tabulation of some r»f these statistics lias fallen upon the fishery ofiicers

of the districts concprned, namely, i\Ir John Murray, Newhaven ; Mr
Mair, A.nstruther ; Mr J)onald Miller, ^lontrose ; Mr Bain, Stonehaven;
and ^Ir Couper, Aberdeen. The trawling returns wore kept by Mr
Thomas Scott, F.L.S. I have also to acknowleilge the assistance of Mr
W. Ramsay Smith, B.Sf'., in the tabulation of the statistics, and the care

and zeal with which Captain R. E. Simpson, in command of tho ' G irland,'

has discharged his duties.
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II. THE WORK OF T[IE 'GARLAND

1. The Firth of Forth.

Plate I.

Last year the trawling stations in the Firth of Forth area were examined

in the months of February, Marcli, April, May, July, August, October,

November, and December, 79 hauls of the trawl being made, 63 within

the waters ck«ed against beam-trawling and 16 at the stations outside.

The tables giving the detailed results of these observations will be found

at p. 40, and the analyses at p. 32. Considering all kinds of fish, and

the whole area of the Forth, there was a considerable increase as comi)ared

with the previous year. In 1889, which gave the lowest figures since

the trawling experiments were begun, the general average was 138'4.

.Last year it was 235*2. Taking the closed waters alone (Stations I.-VIL),

the general average per 'shot' for round and flat fish was 228*9 last year,

and 164*8 in the year before, showing therefore a substantial increase.

In the open waters (Stations VIII. and IX.), where trawling is not pro-

hibited, in 1889 the general average for round and flat lish combined was

111*9, while last year it was 241*6. These figures refer to all kinds of fish.

On examining the results more closely, it is found that the increase is

due entiiely to an increase in the round-fish—cod, haddock, and, especially,

whiting. In 1890 there was a slight decrease of flat-fish in the closed

area, and a slight increase in the open area. In the cl )sed area the

average per 'shot' was 100*9 last year as compared with 110*9 in 1889,

In the oj)en area the average for flat-fish was 40*3 in 1889, and 53*7 in

1890. As has been said, a very large increase of round-fish occurred in

1890, both in the close 1 and open waters. In the former the average per

'shot' was 121*9 in 1890, and only 49*8 in 1889. In the latter the

averages were 184*7 in 1890 as compared with 68 6 in the previous year.

The averages for the past five years are as follows :

—

Fiat-Fish. Round-Fish.
r 1886, 112*8 131*8

1

1887. 203*1 144*1

Closed Area, \ 1888.

i

1889.

117*0 92*1

110*9 49*8

[
1890, 100*9 121*9

{ 1886, 47*5 36*7

1

1887, 89*8 123*4

Open Area, ^ 1888, 34*4 114*7

1

1889, 40*3 68*6

[ 1890, 53*7 184-7

In regard to the different kinds of fish, there was among flat-fish in the

closed area a decrease in plaice, lemon soles, and flounders (but mostly in

plaice), and an increase in common dabs and long rough dabs. In the

open area the same thing occurred—a decrease in plaice, lemon soles,

and flounders, and an increase in common dabs and long rough dabs.

Among round-fishes there was a great increase, both in the closed and
open areas, in cod, haddocks, and whiting, and a slight decrease in the

closed waters in gurnards. The increase in the abundance of whitings is

especially striking. The averages for 1889 were:—Closed area, 13*6; open

area, 19*9
; while in 1890 tlie averages were 56*9, and 121*6. A large

proportion of the whitings were small, and there is little doubt that their

great abundance was due to the presence of an immense shoal of immature



of the Fishery Board for Scotland. 23

whitings in the Firth of Forth in the autumn of 1889, as described in

the Report for last year (Part III. p. ). It is probable that the increase

of cod and haddock may at least partially be attributed to the same
cause, since both are to a large extent fish-eaters, and would naturally be

attracted by the vast shoal of young whitings.

Comparing the results at the individual stations in the closed waters,

there was an increase at all the stations except Station IV., where there

Avas a considerable decrease. Flat-fish decreased at all stations except

Stations IT., V., and VII. At each of these stations plaice increased

slightly, and common dabs considerably. Common dabs increased at all

stations except I. and IV.; long rough dabs increased at Stations III.,

IV., v., and VI. ; flounders were somewhat more abundant at Stations

I. and II., and less so at the other stations. Lemon soles increased at

Stations I., II., and IV., and diminished at the other stations. There

was an increase of round-fish at all the stations in the closed area.

At each station cod and whiting were caught in greater numbers

;

haddocks increased at all stations except Stations 1. and III., and
gurnards decreased at all stations except III. and V. In the open area

there was an increase at each of the stations in both round-fish and flat-

fish; the increase in flat-fish was entirely in common dabs and long rough

dabs. Ci>d, haddock, gurnard, and especially whitings, also increased at

each station.

2. St Andrews Bay.

The stations in the protected and open waters were each examined on
six occasions—namely, in March, April, May, August, October, and
December. Thirty hauls of the trawl were made, 24 of these being

within the closed area. In this area there was a general increase

in the total catch of fish at all stations except Station II., where there

was a slight decrease. The general average for the closed area was 209*5

in 1889 as compared with 347'2 in 1890; and the average for flat-fish as

well as for round-fish was higher. In the open area the general average

was less than in the previous year ; there was a slight increase in round-

fish and a considerable diminution in flat-fish. The figures fwr the past

five years are as follows :

—

Closed Area,

Flat- Fish. Round-Fish.

1886, 148-7 27-7

1887, 346-1 87-6

1888, 215-6 68-9

1889, 189-1 19-2

1890, 302-9 . 40-0

1886, 96-6 73-0

1887, 133-5 173-2

1888, 148-8 72-4

1889, 152-5 29-8

1890, 29-8 35-6

Open Area,

The increase of flat-fish in the closed waters consisted exclusively of

increase in plaice and common dabs ; all the round-fish, and very notably
whiting, were more abundant. The increased average of flat-fish is largely

due to an enormous haul of 2950 at Station IV. in August. This haul
comprised 2089 plaice, most of which were small, 1105 being seven inches

or less in length. In the unclosed area there was a marked diminution in

common dabs and plaice, a considerable diminution in haddock and
gurnard, and an increavse in cod, and very specially, in whiting.

The poaitiou and extent of the stations are described fully in previous Reports.
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The special feature in 1890, both in tlie Firth of Forth and St Andrews
Bay, was the very ,o;reat augmentation in the numbers of the whitings

caught, no doubt due, as stated above, to the vast shoal of young whitings

in the inshore waters in 1889.

3. Other East Coast Districts.

The trawling stations at other parts of the East Coast were also ex-

amined in 1890—namely, at Montrose, Aberdeen, and the Moray Firth,

26 hauls of the trawl being made. The trawlings are not numerous
enough for any but partial conclusions to be drawn from them. Those

off the Aberdeenshire coast showed a decrease in flat-fish, especially in

plaice and common dabs ; and an increase in cod, and in haddock

and v/hiting. In the Moray Firtli there was an increase in flat-

fish, and a slight decrease in rouud-fish. The increase in tiat-fish was
entirely owing to an increase in the number of dabs; there was also a

slight increase in cod and whiting, and a decrease in liaddocks and

gurnards.

4. The Firth of Clyde.

The twelve stations in tlie Firth of Clyde were examined in July ; the

first occasion on which they have been examined since the closing of the

waters in 1889 by the operation of the Herring Fishery (Scotland) Act of

that year. The previous examination was in February and March 1887,

and the position of the stations is described in the Anmial Report for that

year."^ So far as the comparison between these two series of trawlings

goes, it shows a slight decrease in the general average for all fish com-

bined. There was a decrease in plaice, lemon soles, common soles, cod,

and gurnard; and an increase. in dabs, haddocks, and whitings. In 1887
a total of 253 flounders were obtained, and no witch soles; in 1890 there

were no flounders caught, and 236 witch soles. Hake and dog-fishes are

abundant at the Clyde stations.

nr. SPECIAL STATISTICS OF FISH CAUGHT BY LINE
FISHERMEi^ AND BEAM-TRAWLERS.

The statistics collected in connection with the trawling experiments of

the ' Garland' are given on page 141. They refer to (1) fish landed by
fishing boats and by beam-trawl vessels in the Leith, Anstruther, Mont-
rose, Stonehaven, and Aberdeen Districts, during each month in the year,

with the total value (Table E., p. 142); (2) the quantity of fish caught
monthly by fishing boats within the territorial waters of the Leith,

Anstruther, Montrose, and Stonehaven Districts, from which trawling is ex-

cluded (Tables G., H., pp. 157, 175) ; (3) the comparative amount of fish

landed by line fishermen and bearr-trawlers along the whole East Coast of

Scotland (Table I., p. 176); (4) the quantities month by month of cod,

large haddocks, small haddocks, and whitings captured in territorial waters

and landed by the Buckhaven fishing boats in 1889 and 1890 (Table D.,

p. 141) ; and (5) the quantities of large and small fish landed in the Leith

and Aberdeen Districts by beam-trawlers and line fishermen (Table F.,

p. 153).

1. Relative Quantities of Fish taken by Line and by
Beam-Trawl.

Table E. (p. 142) gives the statistics referring to this subject in certain

districts in detail, and Table 1. (p. 176) shows the amounts landed by
* Sixth Annical Report, Part III., p. 32.
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fishermen and by trawlers along the whole East Coast. In the case of

beam-trawlers the fish were caught beyond the territorial limit ; the

fish captured by fishermen were taken partly within and i)artly wilhout

territorial waters.

In the five districts from which these special returns are obtained, com-

prising the coast from Dunbar in the south to Aberdeen in the north, we
find that in 1890 there was a considerable gross increase of the quantity

of line and trawl-caught fish landed as compared with the previous year.

In 1889 the gross amount was 692,307 cwts. ; last year it was 739,071

cwts.—an increase of 46,764 cwts. The increase occurred both in fiat-

fish and round-fish. In 1889 the figures were—Flat-fish, 83,152 cwts.

;

round-fish, 609,155 cwts. : in 1890, flat-fish, 100,389 cwts. ; and round-

fish, 638,682 cwts.; showing an increase of 17,237 cwts. of flat-fish, and

29,527 cwts. of round-fish in 1890. The increase was entirely owing to

an increase in the quantity of trawl-caught fish landed, there being a con-

siderable decrease in the amount of line-caught fish. In 1889 line-boats

landed in the districts under consideration 476,589 cwts. of fish; in 1890
the quantity was 458,227 cwts., or 18,362 cw.ts. less than in 1889. The
decrease was altogether in round-fish, a greater quantity of flat-fish being

landed by line boats in 1890 than in 1889. The decrease in round-fish

was 23,496 cwts., and the increase in flat-fish 5135 cwts.

On the other hand, there was a considerable increase in the quantity of

Irawl-caught lish landed. In 1889 beam-trawlers landed in these districts

a gross quantity of 215,718 cwts. ; in 1890 the total quantity was 280,844
cwts.—an increase of 65,126 cwts. The figures are as follows :—In 1889,

flat-fish, 60,117 cwts.
;
round-fish, 155,601 cwts. ; in 1890, flat-fish, 72,219

cwts.
;
round-fish, 208,625 cwts.

;
showing an increase in 1890 of 12,102

cwts. of flat-fish, and 53,024 cwts. of round-fish.

In two of the five districts line boats landed a less qmntity of fish in

1890 than in 1889, In the Leith district the decrease amounted to

6942 cwts.—entirely in round- fish, there being a very small increase

(10 cwts.) in flat-fish. In the Anstruther district, comprising the Fife-

shire coast, where no trawled fish are landed, the gross decrease was
18,881 cwts. There was a slight increase in flat-fish (141 cwts.), and a

large decrease in round-fish. In the Montrose district there was a de-

crease in line-caught fish to the extent of 22,785 cwts., namely, 1002 cwts.

of flat-fish, aiul 21,783 cwts. of round-fish. In the Stonehaven and
Aberdeen districts line fishermen landed larger quantities of both flat-fish

and round-fisli in 1890 than in 1889. In the Stonehaven district, the

increase amounted to 88 cwts. of flat-fish, and 4548 cwts. of ronnd-fish, a

total increase of 4636 cwts. In the Aberdeen district the gross increase

was very much greater, amounting to 5898 cwts. of flat-fish and 19,712
cwts. of ronnd-fish—a total of 25,610 cwt=?.

In the Leith district the increase in the quantity of fish landed by beam-
trawlers was 17,400 cwts. —5527 cwts. of flat-fish, and 11,873 cwts. of

round-fish. In the Aberdeen district there was a iireat increase, amount-
ing to 50,103 cwts., namely, 7402 cwts. of flat-fish, and 42,701 cwts. of

round-fish. In the Montrose district, beam-trawlers landed less fish i?i

1890 than in 1889—a decrease of 827 cwts. of flat-fish, and of 1550 cwts.

of round-fish, or a total decrease of 2377 cwts.

The statistics relating to the quantities of flat-fish and round-tish landed
in these districts by line fishermen and beam-trawlers in 1889 and 1890,
are given in the following Table :

—
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1889. 1890.

Districts.

Fiat-

Fish.

Round

-

Fish.
Total.

Fiat-

Fish.

Round-
Fish.

Total.

Leith District. cwts. cwts. cwts. cwts. cwts. cwts.

1. Line boats, . . .

2. Beam-trawlers, . .

6,287

9,872

110,259
62,218

116,546
72,090

6,297

15,399
103,307

74,091

109,604

89,490

Anstridher District.

1. Line boats, . . . 6,365 91,297 97,662 6,506 72,275 78,781

Montrose District.

\. Line boats,

2. Beam-trawlers, .

8,755

7,216

123,172
14,342

126,927

21,558
2,753
6,389

101,389
12,792

104,142
19,181

Stonehaven District.

1. Line boats, 958 42,522 43,480 1,046 47,070 48,116

Aberdeen District.

1. Line boats,

2. Beam-trawlers, . .

.5,670

43,029
86,304
79,041

91,974
122,070

11,568
50,431

106,016

121,742
117,584

172,173

Totals.

1. Line boats,

2. Beam-trawlers, . .

23,035
60,117

453,554
155,601

476,589
215,718

28,170
72,219

430,057
208,625

458,227
280,844

Coiisideriug the different kinds of fish, and taking the districts seriatim,

an analysis of the statistics brings out the following facts :—Line fisher-

men in the Leith district in 1890 captured fewer cod, ling, saithe, turbot,

halibut, lemon sole, and skate, than in 1889. The decrease in cod and
halibut was especially marked. There was, on the other hand, an increase

in haddocks and in whitings (nearly double), in plaice and flounders, and
in ' other fish.' Beam-trawlers landed larger quantities of all kinds of fish,

except haddock and halibut, which exhibited a decrease.

In the Anstruther district, where no trawled fish are landed, there was

a decrease in all kinds of fish except saithe, plaice, and flounders.

In the Montrose district there was a decrease in all kinds of fish

captured by line fishermen. Of fish caught by trawl there was a decrease

in all kinds except saitlie, whiting, lemon soles, and skate.

In the Stonehaven district, where no trawled fish are landed, there was

a decrease in ling, plaice, flounders, and ' other white fish and an increase

in all the others, especially in whiting.

In the Aberdeen district both tlie line fishermen and the beam-trawlers

landed larger quantities of all kinds of fish except turbot.

The quantities of round-fish and flat-fish landed by line fishermen and
beam-trawlers along the whole East Coast of Scotland are given in table

L, p. 176, and also the quantities in the northern and in the southern

group of districts. The total quantity of fish landed by line fishermen and
beam-trawlers along the East Coast of Scotland in 1890 was 1,337,470

cwts. as compared with 1,338,734|^ cwts. in 1889, showing therefore a

slight decrease of 1,264^ cwts. There was a great decrease in round-tish

(cod, haddock, whiting, &c.), and an increase in flat-fish. The quantity

of round-fish landed in 1890 was 1,205,656 cwts. against 1,224,268 cwts.

in 1889, a decrease of 18,612 cwts. The quantity of flat-fish landed last

year on the East Coast was 131,814 cwts. against 11 4, 466J cwts. in 1889,
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an increase of 17,347J cwts. When the quantities of white fish landed

])y beam-trawlers and line fishermen respectively are contrasted, it is seen

that tlie former landed a larger and the latter a less amount than in 1889.

Last year line fishermen landed on the East Coast 1,051,853| cwts. as

compared with 1,111,320| in 1889, or 59,467^^ cwts. less than in the

latter year. Beam-trawlers landed a larger quantity than in 1889. The
j-i-ures are :—1889, 227,41 3f cwts. ; 1890, 285,6161 showing an increase

of 58,202f cwts., or an amount very nearly equal to the decrease of line-

caught fish. These figures refer to all kinds of fish combined
; but if

round-fish and flat-fish are considered apart, the result is a little different.

The quantity of round-fish landed by line fishermen last yeir was 993,180|^

cwts. a(:^ainst 1,057,450 cwts. in 1889, a decrease of 64,269|- cwts. ; on

the other hand they latided a larger proportion of fiat-fish, the amount
being 53,870| cwts. in 1889 and 58,673 cwts. in 1890, an increase of

4,802| cwts. Beam-trawlors landed larger quantities of both round-fish

and fiat-fish, but relatively more fiat-fish. The amounts landed by
trawlers in 1889 were :—round-fish 166,818 cwts.; flat-fish 60,595f cwts.

In 1890 tlie amounts were, round-hsli 212,475J .cwts.; flat-fish 73,141

cwts.; showing an increase of 45,657J cwts. of round fish, and of 12,545

J

cwts. of flat-fisii.

When the quantities landed in tlie southern group of districts (from

Aberdeen to Berwick, but exclusive of Ab:^rdeen), are compared with the

quantities landed in the northern group of districts in 1889 and 1890,

the following results appear. In 1890 line fishermeti landed less round-

fish in both sections, less flat-fish in the southern section, and more flat-

fish in the northern section than in 1889. The decrease of line-caught

round-fish in the southern section amounted to 58,219J cwts., and the

decrease of flat-fish to 644J cwts. In the northern section (comprising

the coast from Aberdeen inclusive to Cape Wrath), line fishermen landed

6,050 cwts. less round-fish, and 5,446f cwts. more flat-fish in 1890 than

in 1889. Beam-trawlers landed a greater quantity of both round-fish and
flat-fish in both sections ; the increase in the northern group of districts

being 30,436^ cwts. of round-fish and 7,388 cwts. of fiat-fish, and in the

southern group 15,221 cwts. of round-fish and 6^157^ of flat-fish.

2. Statistics Showing the Quantities of Line-Caught Fish obtained
FROM the Territorial Waters where Trawling is Prohibited.

The statistics of the monthly quantities of fish captured by line fisher-

men in the territorial waters of the East Coast from IS^orth Berwick on

the south to Skateraw, a few miles south of Aberdeen, on the north, are

given in Tables G and H (pp. 157, 175). The monthly and yearly averages

per boat for each kind of fish are also given. These waters, as explained

in previous Reports, were partially closed to beam-trawling by bye-laws

at various times; but since the Herring Fishery (Scotland) Amendment
Act came into force, on the 26th July 1889, they have been completely

closed to this mode of fishing.

The total quantity of fish caught in each of the three years, 1888, 1889,
and 1890, in the territorial waters along the stretch of coast referred to

are given in Table H (p. 175). These statistics show that, while there

has been a decrease in the gross quantity of fish captured in the territorial

waters in 1890 compared with the two preceding years, there has been an
increased average catch of the boats fishing. There were fewer ])oats

fishing in 1890 than iti 1889 or 1888. The quantity of fish obtained in

the territorial waters in 1889 was 129,965 cwts., as the result of 42,898
'shots' of the fishing boats. In 1890 the quantity was 107,229 cwts.,
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and 34,501 ' sliots '—a decrease of 22,736 cvvts. and 8397 ' shots.' The
average per ' shot ' for 1889 was 3-029, and for 1890, 3*108 cwts. In the

Leith and Anstrutber districts the average per ' shot ' increased in 1890,

in the Stonehaven district it decreased, and in the Aberdeen district it

was the same as in 1889. Taking the districts together, there was an

increase in the average quantities of haddock, whiting, lemon soles, anl
dabs, and a decreased average in cod, skate, and turbot, aiid ' other
' white fish.'

In the territorial waters of the Leith district there was a decreased

average catch in all kinds of fish except whiting, dabs, and skate. In the

Anstruther district there was a decreased average catch, except whiting,

dabs, and ^ other kinds of fish.' In the Montrose district there was an

increased average catch in wliiting and ' other fish,' and a decrease in all

the others. In the Stoneliaven district there was an increased average

catch of haddoc^k, whiting, skate, and tnrbot, and a decrease in all other

kinds of fish.

Almost everywhere along the southern portion of the East Coast whit-

ings were captured in greater numbers in 1890 than in 1889, a fact which

no doubt has relation to the vast shoals of young wliitings present in

the territorial waters in the autumn of the previous year.

Mr William Mair, the fishery Officer at Anstruther, has furnished the

following table showing the quantities of haddock and whiting caught

within and outside the clos'^d area, during the last three years, by bo its

fishing from his district :

—

Year.

Caught within the,

Closed Area.

Caught outside tlie

Closed Area.
Total,

Haddocks. Whitings. Haddocks. Whitings. Haddocks. Whitings.

cwts. cwts. cwts.

....

cwts. cwts. cwts.

1888. 18,419 1,800 17,862 1,131 36,281 2,931

1889. 12,499 1,972 19,405 1,645 31,904 3,617

1890. 12,418 1,994 10,338 1,595 22,756 3,589

These figures show that while there has been a slight decrease in the

q\iantities of liaddocks captured within the territorial waters, there has

been a very much less amount captured outside.

3. BucKHAVEN Haddock and Cod Line Fishing.

The statistics of the cod and haddock fishing of Buckhaven, which have

been specially collected by Mr Mair, the Fishery Officer of the District,

during the last seven years, are given in Table D (p. 141) for the years

1889 and 1890. The number of 'shots,' or visits to the fishing grounds,

made in 1890 was much less than in the previous year. In 1889 there

were 4535 'shots,' as compared with 3396 in 1890. In 1888 the number
of ' shots ' was 5548 ; there has therefore been a decrease in two years of

2152 'shots.' But while there has been a diminution in the number of

trips to the fishing grounds, the average catch per boat has not decreased.

The average number of cod captured in 1890 was 0*72 per 'shot,' com-

pared with 0"46 in 1889, and 0*45 in 1888. The largest number was
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taken ia December, when the average was 2 'SI. There was, however,

a sliglit decrease in the average catch of large haddocks, combined with a

great increase in the number of small liaddocks and whiting^,. The average

for large haddocks in 1889 was 80*1 per 'shot,' and in 1890, 78-8; for

small haddocks and whitings the averages were 68*4 in 1889 and 130'5

in 1890. The figures for the last seven years are as follows :

—

Total Number
of ' Shots'

Averat<e Number
of Cod

per ' Shot.

'

Average Nnuiber
of Large Had-

Avei'age Number
of Small Had-

during the

Year.

docks per
' Shot.'

docks and Whit-
ings per ' Shot.'

1884/<- 4524 0-34 22-1 38-3

1885, 4542 0-50 23-4 221-5

1886, 7869 0-32 31-8 147-0

1887, 6270 0-23 42-8 208-9

1888, 5548 0-45 62-6 228-4

1889, 4535 0-46 80-1 68-4

1890, 3396 0-72 78-8 130-5

These statistics show a great decrease in the prosecution of the inshore

line fishing by the Buckhaven boats ; but they also show an increased

average catch per shot of cod and large liaddocks, and a variation in the

quantities of small haddocks and whitings. The increased average of tlie

latter for 1890 as compared with 1889 is no doubt largely owing to an

increase of the catch of whitings for the reasons given previously. The
greatest number of large haddocks were captured in 1890 during the

months of October, November, and December, and the greatest number
of small haddocks and whitings in June, July, August, and September.

4. The Proportion of Large and Small Fish captured by Beam-
Trawlers AND Line Fishermen.

In Table F (p. 153) the quantities of large and small fish landed in the

Leith and Aberdeen districts by line fishermen and beam-trawlers are

given. In the Leith district, if the quantities taken by beam-trawlers

and line fishermen in the extra-territorial waters are compared, they show
that beam-trawlers captured a larger proportion of small cod, haddock,

whiting, plaice, and 'other kinds of white fish,' than the line fisher-

men did. Line fishermen captured somewhat larger proportions of small

turbot and halibut. The quantity of cod landed by beam-trawlers was

15,885 cwts. large and 1200 cwts. small; while line fishermen captured

in the extra-territorial waters 15,801 cwts. of large cod and 859 cwts. small.

Beam-trawlers landed 27,1 19 cwts. of large haddocks and whitings and
14,918 cwts. small, or in the proportion of about two large to one small.

Line fishermen in the same waters captured 42,253 cwts. of large haddock
and whiting, and only 10,143 cwts. small, or in the proportion of about

one small fish to four large. Within the territorial waters, however, from
which beam-trawlers are excluded, and where young fish most al)ounds

the proportion of small fish captured by line very much exceeds the pro-

l)ortion in offshore waters, and this seems to apply to all the kind,

mentioned in the returns.

In the Aberdeen district the proportion of small cod landed by beam-
trawlers was also much larger than in the case of line fishermen, and the

same is true in regard to haddock and whiting, although the dilFerence

here is not great. No statistics are furnished as to the quantities of large

and small turbot and halibut landed at Aberdeen, but in the case of the

* For the nine mouths only, from April to December.
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group of flat-lish comprised in the tables uibier the headings Lemon Sole,

Flounder, Plaice, and Brill, but which chiefly consist of Plaice, line fisher

men landcil a larger propoition of small individuals than did beam-

trawlers.

The results referred to above correspond with those of the previous

year, namely, that beam-trawlers land larger quantities of small round fish

than do line fishermen, and lesser quantities of small flat-fish.

Summary.

The results of the trawling experiments of the ' Garland ' show that

during last year there was a general increase of fish both in the closed and
open waters as compared with 1889. Both in the Firth of Forth and St

Andrews Bay there was an increase in the quantities of round tish—cod,

haddock, and es[)ecially whiting—and in St Andrews Bay the quantity of

flat-fish was also materially increased. In the Firth of Forth, while the

abundance of round fish was greater, there was a slight diminution in the

average catch of flat-fish, except at the outer stations, where a slight increase

occurred. In the open waters at St Andrews Bay, outside the line within

which beam-trawling is prohibited, there was a very marked falling off in

flat-fish, while in the Bay itself the average catch of flat-fish was greater

than it has been since 1887. A special feature of the trawling experi-

ments in 1890 was the abundance of cod, haddock, and whiting, a cir-

cumstance which is no doubt C(mnected with the immense shoal of young
whitings which the ' Garland ' discovered to be present in the Firth of

Forth and St Andrews Bay in the autumn of 1889. This shoal was
computed at the time to number over 230,000,000 individuals, the

majority being between three and five inches in length, and it was almost

confined to the territorial waters. Last year, in the closed waters of the

Firth of Forth, large and medium-sized whitings were four times more
numerous than they were in 1889, and in the open waters beyond the Isle

of May they were six times more abundant than in the previous year. The
latter fact indicates the close relationship that exists between the territorial

waters as nurseries for young fish, and the off-shore fishing grounds where

large numbers subsequently congregate to spawn. It is very probable

that the increased numbers of cod and haddocks last year at the various

trawling stations in St Andrews Bay and the Firth of Forth resulted from

the same cause, since both these fish, and especially the cod, live largely

upon other fish, and would be attracted by the multitudes of young
whitings.

The increase of whitings and of other round fish is also shown by the

special statistics of the quantities caught by line fishermen in the southern

part of the East Coast. Although the general tendency shown in recent

years of a decrease in the number of boats prosecuting line fishing was
continued in 1890—there having been above eight thousand fewer 'shots,'

or visits to the fishuig-grounds along the stretch of coast between Aber-

deen and Dunbar as compared with the previous year—there was an

increase in the average catch of each boat fishing. The increase, which

was specially marked in the case of flat-fish in certain of the districts, is

well shown in the case of the statistics referring to the Buckhaven line

fishing. These statistics show that while there has been a gradual falling

off since 1886, in the number of boats fishing, there has been a gradual

increase year by year in the average catch per boat of cod and large

haddocks.
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As pointed out in previous reports, the inquiries made concurrently into

the distribution of immature fish in tbe territorial and extra-territorial

waters, into the spawning grounds, and thg reproduction of the food fishes,

and into their migrations from one zone to another, are closely connected

with the trawling experiments. It has been shown that from the biological

point of view no sharp line divides the territorial sea from the waters off-

shore. The investigations of the ' Garland ' into the former zone have
resulted in important additions to our knowledge of the food rishes, the

special value of which has been recently recognised both in England and
the Continent. Our knowledge, however, of the great fishing banks at

some distance from shore is of the scantiest description, although it is from
them that the bulk of the fish supply is drawn. A systematic investiga-

tion of these fishing-grounds, similar to those now conducted by the

authorities of the United States, Germany, and Denmark, would be of

immense value in itself, and also in connection with the enquiries in the

territorial waters.

T. WEMYSS FULTON,

Secretary for Scientific; Investuiations.
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TABLE A.

—

Showing Summary of Fish taken by the 'Garland' in

Trawling Operations in 1890.
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i

i

!

Feb. 12, .

Mar. 17,

April 19, .

May 12, .

July 30, .

Aut?. 30, .

Oct. 18,
Nov. 14, .

Dec. 11, .

16

61
54
77
46
5

13

2

48
36
62
24
44
8

1

1

13
2

13
16
10
19
3

15

3
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6
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11
17
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16
17

8

1

4
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17
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7
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2

1
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1
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13
5
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1
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1

3
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2
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1
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1
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34
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213
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Station 11.

Feb. 15, .

Mar. 17, .

April 23, .

May 12,

July 30, .

Aug. 28, .

Oct. 15,

Nov. 15, .

Dec. 12, .

20
31

95
20

255
153
15
2

1

9

47
7

46
17
2

5
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9

61
46
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16
4

3

1

0
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18
18

2

2

3

4
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4
7
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6

7

2
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10
1
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14
6

20
6
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6
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7
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39
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8
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1

5
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4
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28
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1

'

2

3

"

3
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2
6

3

3

3

5

1

12

24
31

140
256
239
669
441
130
174

591 134 6ul 134 7 1 1468 129 127 296 41 593 9 34 2104

Station IH.

Feb. 12, .

Mar. 15, .

April 25, .

May Ifi, .

July 29. .

Aug. 29, .

Oct. 17.

Nov. 14,

Dec. 20, .

6

29
26
82
63
32
2

8

19

26
39
46
17

7

7

10
39
28
61

58
12
10
10

10
28
25
33
32
15

69
19

3 37

115
105
215
199
76
78
36

23
26
10
64
66
95

216
84

21

80
52

149
105
341

306
131

12
6

10
63
10

44
118
6S

223
234
4!6
522
215

1

2

2

*

1

8

1

1

4

*
2

7

9

11

13
11

11
20

1

85
242
182
450
454
534
612
275

240 169 228 221 3 861 584 1185 101 1870 20 84 2835

Station IV.

Feb. 13, .

Mar. 13, .

April 18, .

May 16, .

July 29, .

Aug. 29, .

Oct. 14,

Nov. 13, .

Dec. 12, .

153
69
33
4

71

61

125
102
40

2
1

1

19
6

7

3
4

•
1

6
17

1

32
19
28
34
12

1

3

1

8
2

14
4

6

1

166
89
37

5
123

94
162
153

60

3

3

26
7

52
9

38

4

'

9
2

7

17
6

5

39
21

"

7

13

13
3

1

3

12
9

60
26
60
49
59

'

3

14
14
1

5

'

2

2

7

5

4
1

12
10

169
103

19

202
138
224
215
134

Total, . 658 43 149 33 6 389 jl38 4 106 37 285 38 43 1255
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TABLE A.—Showing Summary of Fish taken by the 'Garland' in Trawling
Operations in 1890

—

continued.

Fiat-Fish. Round-Fish.

Station and
Date.

«
om
g

1
o

c
o

i-
o ^oQ

x:
be fcj:

o o
§
O
fan

o

•c
m s

oO

M
y
o
•o
-cJ
=3

a

a

1

1

1 S

4
s

O

Firth of
Forth—con-

tinued.

Station V.

Feb. 14,

Mar. 14, .

April 25, .

May 15, .

July 31, .

Sept. 3,

Oct. 20, .

Nov. 19, .

Dec. 17, .

3

19
8

18
57
59
23

3

6

10
9

8
13
9

7

2

6

3

3

4
5

1

5

4
8
2

24
28
47
67

11

49
42
47
46
50
59
73
36

1

12

70
78
72
74

147
155
154
113

9

11

14
6

6

36
37

27
120

6

11

19
40
265
212
131
28
26

25
19
71
17
24
39
71
72

111

19
12

9

17
28
1

1

40
41
123

304
304
267
128
258

'

2

"

1

2

2

6
4

2
6

9

8

'

1

2

2

2

54
119
210
155
379
454
426
290
377

190 64 21 186 413 1 875 266 738 449
1

87 1540 17 32 2464

Station VI.

Feb. 21, .

Mar. 14, .

April 25, .

May 15, .

July 31, .

Sept. 6,

Oct. 20,

Nov. 18, .

Dec. 15, .

30
16
7

14
36
42

1

1

13

9

23

11

3

5

3

21
27
14

3

12
2

4
4

*38

34
25
48
90
67

12

2

5

2

b

4

4
2

6

33
3

3

4
8

9

40
3

1

23
26
27
4

19
11

38
43
100
12

'

1

1

1

2

1

1

1

8

3

59
47
65
93

198
82

16
127
40

10

8
7

21
42
7

5
6 1 1

52
185
54

19

13

42 86

13

14
2

161
2

26

"

1

1

1

3

1

217
189
81

328 83 143 36 1 1 593 55 94 166 97 412
L

'>0 1031

Station VII.

Feb. 13, .

March 14, .

April 25, .

May 15, .

July 31, .

Sept. 3,

Oct. 14,

Nov. 19, .

Dec. 8,

3

3

41

59
16

14

1

2

1

5

9

5

1

3

1

v
2

3

41
202
96

112
49
23

3

7

1

59
30
15

36
42
21

i

6

18
1

148
300
132
170
94
46

9

9

4

lb
23

5

62
349
262
120
12
36

12

16
1

145
93'

72
222
180
193

20
3

22
6

1

21
30
1

231
445
356
348
203
252

2

1

"

2

2

15
1

6

3

2

4
6

4

*

2

32
49
2

383
751
494
537
298
306

139 21 13 526 214 2 915 55 846 934 52 1887 29 .1 2852

Station VIII.

Feb. 14,

March 18. .

April 24, .

May 13, .

Aug. 5,

Sept. 4,

Oct. 13, .

Dec. 2,

2

1

1

4
4

3

1

5

4
8

•

i

V

2

6

1

2
2

1

3

50
76
29
44

3

3

12

20
38
27
67

34

1

t6
8

15

36
96

tll9
106
79

8

3

3

7

4
26
6

7

9
10

8

204
73
64
33

17

36
31

35
116
352
651
42

7

13
52
95
5
2

32
48
51
56

379
524
746
S3

()

1

2

4

2

2

2

1

1

1

5

46
58
68
93

477
646
856
167

15 19 17 207 204 1 465 57 108 12S0 174 1919 13 14 9^11

1

^111

Station IX.

Feb. 14, .

March 18, .

April 24, .

May 13,

AuR. 5,

Sept. 4,

Oct. 1.3,

Dec. 2,

3

1

2

5
2

1

1

1

8
8

')

4
3

65
53

18

7

9

5

20
62
74

40

30
16
9
f.

25
68
146

95

3

2

2

I

5

6

26
1

26
20
10
3

34
73
70
1

21

8
52
25
49
223
274
14

1

3

9

18

31
24
2

50
31
67

38
106
333
394
18

2

2
4

4

2

2

'

3

3

84
47
78
47
135
401
547
116

Total 14 1 3 142 235 S96 46 :}37 666 88 1037 12 11 1455

1 Halibut. t 1 Sole. t 1 Sail Fluke.
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TABLE A.—Showing Summary of Fish taken by the 'Garland' in Trawling
Oi*£RATtoNS IN continued.

Flat- Fish. Round-Fish.

Station and
Date.^

3
C!
0
a

oj

"om
^:

0 ai

f5 2
C
s
0

0
J? "3

«
0
-a

i

i

1
s <o

Ph 3 % JO 0 qJ« s H
0
H

0
Q 1 6 0

St Andrews
BAY—

i

1

!

Station I.
i

1

March 5, .

March 28, .

May 2,

Aug. 7,

Oct. 25,

Dec. 22, .

75
43
96

465
53
2 ;

2
Q0

46
DUO
19

8

5

4

1

6
J.

1

.
!

;

•
1

78
01

149

77
14

6

'2

1

1

3
22

41
69
5

6

5
43
7v*

8

25

2

'

2

4

1

1

'

1

87
62
192

1050
85
44

734 589 9 16 2 . 1

1

1350 8 2 29 120 159 8 3 1520

Station II.

March 4, .

March 28, .

May 2,

Aug. 7j

Oct. 25,-; .

Dec. 23, .

46
50
54

468
18
1 1

t>

40
OiO
16

2

14

46
01
108
lol

34
4

'3

2

10
Q0
1

72

1

119
Dl

1

132
by
1

74

'

3

*

1

2

'

1

9

47
65

244
865
36
80

637 1 382 20 1040 5 91 185 281 6 10 1337

Station III.

March 4, .

March 28, .

May 2,

Aug. 7,

Oct. 24, .

Dec. 23, .

6
30
82
362

6

3 i

10
43
232
20
2

1

10
3

6
I*
135
597
26
6

1

11

21

7

18

28
27

66
Qa00
10

J

106
oy
38
45

4
2

4

'

2

'

2

4

6

49
245
690
64
57

488 1 307 18 814 12 28 74 165 279 12 6 1111

Station IV.

March 3, .

March 27, .

May 1,

Aug. 6,

Oct. 23,

Dec. 22, .

34
490
374

131
6

1 16
835
18
7

15
25
6
1

34
oVI

406
295(

164
1-^

3

2

0

1

5

'

1

25
87

51
63

8
0

52
04
25
90

2

1

4
14
1

1

*1

16
2

18

45
510
463
3044
182
122

312-^ 2 880 59 4065 5 3 119 114 241 22 38 4366

Station V.

March 3, .

March 26, .

May 1,

Aug. 6,

Oct. 23, .

Dec. 22, ,

2

9

33
2

25
1

3 2

15
19
29
6

3

1

3

1

1

7

2

13

1

10
13
64
22

1
55

!

1

14

3

*3

1

5

1

40
13
7

25

'

3

88
3

5

2

6

21
128
16

12
31

2

1

2

*

1

1

1

18
36
194
88
68
47

72 4 71 16 15 1 1179 18 4
1

91 101 214 7 1 401

Montrose—
Station I.

May 19, . 80 23 1 1 105
I

1 8 19 12 40 4 4 1S8

Station II,

May 19, . 5 10 1 8 49 34 91 5 112

Total . 85 33 2 1 121 1 16 6

1

131 4 9 265

* 1 Sole.
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TABLE A.—Showing Summary of Fish taken by the 'Garland' in Trawling
Operations in 1890

—

continued.

Fiat-Fish, Round-Fish.

Station and
Date.

'3

S

o

«
o
S

a3

s

a
o

'l C ^ §
o

o
p

1
H 6

o

W

(50 ^
<a

au
f3

O 1

in

O g

Abeeoeen—
Station I,

May 20, 31 2 81 <) 123 19 55 56 130 5 258

Station IT.

May 20, . 4 12 2 18 1 19 59 s 87 105

Station IV.

May 21, . 21 1 20 2 44 1 57 181 17 256 300

Station V.

May 22, 70 1 13 • 84 4 149 52 19 224 3 311

Station VI.

May 22, . 1 1 3 1 73 1 78 79

Station VII.

May 22, . 20 22 2 2 46 7 16 62 15 100 1 2 149

147 4 148 15 2 316 16 261 482 116 875 4 7 1202

Moray
Firth—

Station I.

May 29,

July 23, .

Sept. 12, .

14

22
11

1

2
13
68
73

•

28
*93

84 1

1

1
•

J

7

15

6

7

16
9

'

1

1

1

1

1

36
111
95

47 3 154 . 205 2 28 32 2 3 242

Station II.

May 29,

July 23, .

Sept. 12, .

7

27

74
1

3

21

1

10

35
57
138

27
7

34
•

1

90
93

259

5

10
1

Q

12

5

35
26

33

4

2

50
50
47

'

2

3

*

3

143
143
311

108 4 32 230 68 . |442 16 23 !)4 14 147 2 6 597

Station III.

May 26, .

July 23, .

Sept. 13, .

41

31

9

2 1

2

50
3

33

1

13

1

13

1 3 55
3

47

72 11 3 .
1
86 14 14 1 4 105

Station IV.

May 27, .

July 24, .

Sept. 14, .

106
74
32 1

29
1S2

81

1

3 I

136
260

114

2 5

24
1

7

24
1

1

1
'

1

144
286
115

Station V.

212 1 202 4 1 .
':610 2 30 32

1

1 545

1

May 27,

July 24, .

Sept. 11, .

12
TA

20

1

2

1

114
194
273

i
•

1

127

251

294

1

1

2
6

*

8
6

ai)

18
5

40
23
18

1

1

168
276
312

86 3 1 581 . 572 2 8 9 62 2 766

* Including 1 Black Sole.



3G Part III.—Ninth Annual Re/port

TABLE A.

—

Showing Summary of Fish taken by the 'Garland' in Trawling
Operations in 1890

—

continued.

Fiat-Fish. Kound-Fish.

station and
Date.

Plaice. Lemon

Sole.

Witch

Sole.

Common

Dabs.

Long

Roughs.

Flounder.

o

Brill.

j

Total.

1

Cod.

Haddock.

Whiting. jGurnard,

Total. Skate.
Other

Fish.

Total.

MORAY
Firth—cow-

tinued.

Station VI.

May 27, .

July 24,

Sept. 12, .

13

4

1

6

18

58

32

68

2

2

22

18

4

io

6

15

34

45

66

113

17 7 77 101 4 40 14 21 79 180

Totals, 542 29 33 1337 68 5 2016 37 75 118 155 385 9 14 2424

Firth of
Clyde—

Station I.

July 4, 1 8 35 28 *73 1 4 3 4 12 3 5 93

Station II.

July 3, 3 6 1 1 10 20 2 7 12 21 1 3 45

Station III.

July 3, 5 3 64 1 45 118 4 12 4 20 10 148

Station IV.

July 3, 2 17 2 5 45 71 1 8 8 3 20 1 2 94

Station V.

July 2, 12 4 16 2 1 3 2 21

Station VI.

July 4, 17 14 108 29 tl71 2 12 10 33 57 13 17 258

Station VII.

July 10, . 2 78 2 2 J85 2 5 14 20 41 13 140

Station VIII.

July 10, . 31 2 33 1 8 6 15 1 12 61

Station IX.

July 4, 46 1 2 §50 9 27 36 7 47 140

Station X.

July 4, 1 10 1 12 21 1 47 7 9 27 43 9 13 112

Station XI.

July 2, 5 11 1 20 2
"

39 6 2 8 4 18 69

Station XII.

July 2, 2 8 10 2 2 1 13

Total, 41 68 236 166 212 1 3 733 8 48 95 127 278 40 143 1194

1 Black Sole. t 3 Black Soles. % 1 Black Sole. § 1 Sail Fluke.



of the Fishery Board for Scotland.

TABLE B.—ANALYSIS of the 'OAKLAND'S' STATISTICS

KELATING to the relative ABUNDANCE of FISH.

A. Showing the Average Per ' Shot ' of each kind of Fish taken.

37

Station.

Fiat-Fish. Round-Fish.

<s>
-(J

C3

m
Other

Fish.

Total.

Plaice. Lemon Sole.
WitchSole. Common

Dabs.
Long

Roughs. Flounder.
Turbot.

Brill. Total. Cod. Haddock. Whiting.
Gurnard.

Total.

I. Firth of Forth, 1890.

€lose<l Area.

I.

II.

III.

IV.
V.
VI.
VII.

29-5

65-6

26-6

73-1

211
36-4

15-4

26-3

14-9

18-7

4-7

71
9-2

2-3

01

2-3

10-2

68-7

25-3

16-5

20-6

15-9

58-4

17-2
14-9

24-5

3-6
45-9
4-0

23-7

1-0

0-8

0-3

0-6

0-2

01

01
01 01

84-4

1631
95-6

98-8

97-2

65-9

101-6

56-3

14-3
64-9

15-3
29-5

61
61

2-6

141

0-4

82-0

10-4

94-0

50-2

32 9
131-6
11-8

49-9

18-4

1037

6-5

4-5

11-2
4-1

9-6

107
57

1157
65-9

207-8
31-6

1711
457

209-6

3-3
1-0
2-2
4-2
1-9

0-6

3-2

5-4

37
9-3

4-6

3-5

2-2

2-3

209-0

2337
315-0
139-4

2737
114-5

316-9

Average per shot
of 63 shots.

38-3 11-9 0-5 30-5 191 0-4 0-04 100-9 -27-5 291 56-9 7-5 121-9 2-2 4-4 228-9

l'nclo.sc«l Area.
VIII.
IX.

1-8

1-7

2-3

01
21
0-3

25-9

17-7

25-5

29-3
01 581

49-4
71
57

51-0

29-6
160-0

83-2
•217
11-0

239-9

129-6

1-6

1-5
17
1-4

301-4

181-9

Average per shot
of 16 shots.

1-8 1-2 1-2 21 -9 27-4 537 6-4 40-3 121-6 16-3 1847 1-5 1-5 241-6

IL St Andrews Bay, 1890.

t'lofned Area.

I.

n.
HI.
i\.

122 '3

1061
81-3

520-6

_

01
01
0-3

98-1

63-6

511
146-6

1-5 2-6
3-3
30
9-8

0-3 225-0

173-3

135-6

677-5

1-3
0-8

2-0
0-8

0-3

4-6

0-5

4-8

151
12-3

19-8

•20-0

30-8

27-5

19-0

26-5

46-8

46-5

401

1-3

1-0
2-0
3-6

0-5
1-6
1-0

6-3

253 -3

222-8

1851
7-27-6

Average ])er shot
of 24 shots.

•207-6 01 89-9 0-4 47 0-08 302-9 1-2 1-3 13-0 24-3 40-0 2-0 •2-4 347-2

I'licloHcd Area.
V.

\verageof6sliots. 12-0 0-6 11-8 2-8 2-5 01 29-8 3-0 0-6 151 16-6 35-6 11 01 66 -S

III. Aberdeen, Afay 1890.

\verage of 6
shots.

24-5 0-6 24-6 2-5 0-3 52-0

1

2-6 43-5 80-3 19-3 1145-8| 0-6

1

'I
200-3

IV. Moray Firth, May, Jidy, Septeinher, 1890.

Average of 18
shots.

30-0 1-6 1-8 74-3 3-7 0-3

1

"1
2-0 41 6-5 8-6 21-4

"1 "1
134-7

V. Firth of Clydp, July 1890.

Avorago of 12 1

Hhots.

3-4

1

fi-G
|19-7

1

13-8

1

17-7

1

|0-09 0-21 61-01 0-6 4-0 7-9 10-6

1

23-2

1

3-31 11-8

1

99-6
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B. Showing the Monthly Average Per 'Shot' of each kind

OF Fish taken in 1890.

Date.

Fiat-Fish. Kound-Fish.

Skate.

Other

Fish.

Total.
Plaice.

s=i .O <D

—

1

0 aJ
Common

Dabs.

1

M
H bJD
0 C3

0
Flounder.

Turbot.
Brill.

Total. Cod. Haddock.
Whiting.

1

Gurnard. Total.

1. ^tll C/For til.

Area.

Feb. 26-6 0-6 1-6 3*3 0-7 32-9 8-4 1-9 7-3 17*6 1-3 1-3 53-0

Mar. 19-0 4*5 1-4 7-9 15 '6 2-1 0-1 - 50-4 16-1 3-0 12-1 0-1 31-4 2-6 3-4 87-8

April 18-0 7-7 0-4 8-1 13-0 0-3 47-6 8-4 4-4 30-7 9-8 53-4 1-1 4-1 106-3

May 35-6 20 6 0*1 23-3 25-0 0-3 0-1 105-0 7-7 15-9 40-9 16-7 81-1 0-9 4-6 191*6

48-6 20-1 ~ 55-1 19-4 0-4 - 143-7 18-7 103-1 63-6 111-1 196-6 2-6 4-6 347-4
A n 0*11 iiY 81-6 27-0 0-4 74-0 22-9 205-9 39-0 72-9 42-1 il8-9 171-4 4-0 5-3 388*0

'63 -6 121 1-0 56-6 24*1 157-4 36-4 42*7 138-3 10-1 227-6 4-9 5-0 394-9

Nov. 10-1 0-8 28-7 32-5 - 0-1 0-1 111-8 58-0 ' 8-5 97-7 0-7 165-0 1-4 4-4 282-7
12-4 19-7 10 '± 54-0 52-8 9-8 81-4 0-1 144-3 3-4 8 209 '7

Unclosed
Area.

Feb. 1-5 - 0-5 5-0 10-5 - 18-0 5-5 ]6-5 19-0 41-0 4-0 2-0 65*0

Mar. 1-5 ~ U 0 5-0 0 u _ _ 12-0 2-5 14-5 22-0 0-5 39-5 1-0 52*5

April 0*5 0-5 0-5 10*5 12-0 2-5 10-0 41-5 5-0 59-0 2-0 73-0

May 0-5 AD 0 .re 2-0 lA 0 - - - 21-0 0-5 5-5 30-0 11-0 47-0 1-0 1-0 70-0
2-5 Z U 27-0 on.

A

60-5 6-0 119-0 82-5 35-0 242-5 2-5 0-5 306-0

August 3-0 4-0 1-5 39-5 A A .t^44 a - 0-5 - 93-5 5-0 73-0 287-5 63-0 428-5 1-0 0-5 523-5

Oct. 4-0 1-0 3-5 47-0 70-5 126-0 26-0 67-0 462-5 14-5 570-0 4-0 1-5 701 *5

Nov. 1-0 1-5 48-5 37-0 87-0 3-5 17-0 28-0 2-0 50-5 4-0 141-5

iJ . bl: Andreivs Bai

Closed
Area.

KitMar. 40-0 0-5 0-5 41-0 2-2 1-2 0-2 3-7 1-0 0-5 tK) it

April 153-2 - 7-0 - 6-7 0-2 167-2 0-5 2-5 3-0 1-2 1/10
151-5 0*2 36-2 11-2 0-2 199-5 1-0 5-5 7-5 69-2 83-2 2-2 0-7 288*5

August 846-0 0-2 472-7 8-2 1327-2 3-2 70-2 73-5 5-0 8-5 l^iZ Z

Oct. 52-0 18-2 1-2 1-2 72-7 14-2 3-7 18-0 0-2 0-5 91-7

Dec. 3-0 0-5 4-7 1-0 0-2 9-5 4-2 2-2 52-0 58-5 2-0 5-7 75-7

UnclosedI

Area.

Mar. 2 3 2 3 10 1 5 6 2 18
April 9 1 1 2 13 14 3 1 3 21 1 1 36
May 33 15 3 13 64 40 88 128 2 194

August 2 19 1 22 13 3 16 88
Oct. 25 29 1 55 7 5 12 1 68
Dec. 1 6 7 1 15 3 1 25 2 31 1 47
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LIST OF COMMON AND SCIENTIFIC NAMES (DAY) OF
FISH MENTIONED IN THE EETURNS.

Angler,

Brassie, or Bib,

Brill,

Cat-fish,

Cod,

Conger,

Dab, common,

,, lemon,

„ long rough,

Dog-fish, picked,

Dragonet,

Eel, greater sand.

Father-lasher,

Flounder,

» long,

Fluke, little

black hairy,

Fluke, sail,

„ sand.

Gurnard, common,

„ red.

Halibut,

Haddock,
Hake,
Herring,

John Dory,

Ling,

Lump-sucker,

Lythe,

Mackerel,

Monk-fish,

Nursehound,
Plaice,

Pogge,

Ray, sandy,

,, shagreen,

,, spotted,

„ starry,

„ thornback,

Saithe,

Sand-eel, greater.

Skate, flapper,

» gray,

Sole,

„ black,

„ little,

, ,
witch.

Smelt,

Sprat,

Turbot,

Whiting,

Wolf-fish,

Lophius piscatorius.

Gadus luscus.

Rhombus Ixvis.

AnarrhicJias lupus,

Gadus morrhua.

Conger vulgaris.

Pleuronectes limanda.

,,
microcephalus.

Hippoglossoides Umandoides.

Acantliias vulgaris.

Callionymus lyra.

Ammodytes lanceolatus.

Coitus scorpius.

Pleuronectes flesus.

Pleuronectes cynoglossus.

Zeugopteris punctatus.

Arnoglossus megastoma.

Pleuronectes microce^

Trigla gurnardus.

„ cuculus.

Hippoglossus vulgaris.

Gadus ceglefinus.

Merluccius vulgaris.

Clupea harengus.

Zeusfaher.
Molva vulgaris.

Cycloyterus lumpus.

Gadus pollachius.

Scomber scombe)\

Lophius piscatorius.

Scyllium catulus.

Pleuronectes platessa.

Agonus cataphractus.

Baia circularis.

„ fullonica.

,, maculata.

„ radiata.

„ clavata.

Gadus virens.

Ammodytes lanceolatus.

Raia macrorhynchus,

„ hatis.

Solea vulgaris.

„ lutea.

Pleuronectes cynoglossus.

Osmerus eperlanus.

Clupea sprattus.

Rhombus 7)ia.nmus,

Gadus merlangus.

Anarrhichas lupus.
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Wind,

Weather,

and

other

Observations.

At

beginnng

—

Wind

W.,

force

1

;

overcast,sea,smooth,

easterly

swell;

tide,

near

high

water

;

bar.,

30-07;

transpa-

rency,

1%

fathoms.

At

finish—

Wind

W.^

force

1;

weather,

overcast,

hazy;

tide,

about

high

'water;

bar.,

30-10;

transpa-

rency,

If

fathoms.

At

beginning

—

Wind

E.S.E.,

force

6;

cloudy

;

sea,

rough;

tide,

about

^

hours

flood;

bar.,

29

'76;

transparency,

OF

Forth

—

continued.

Invertebrate

Fauna,

&c.,

brought

up

in

Trawl

Net.

Asterias

via-

lacea,t;

Solas-

ter

papposa^

f.

Firth Inches
co<M :o : :oo :oooo : : •

:i-HrH- ..rH.T—1 .... : : : :T-Hi^t^ :

: : : .(N

1

o
No.

voc^ :t-i :<Nt-i ; : : : : : : th co ix>
:

NG

189

Size

of

Inches
ooco :t^Go • oo : o «o -o •

•

i-Hf—1. .1—|.(Ni-H-i—i^- • :cooo«D ir?05
:

: :rH <Nr-H :

Q
mber

and d >—
1 lo :

1—
1 : rH : r-< F-H : i—i : : : : I—1 (M 1—( 1—* CO

CO
£>

EILAN

Nu)
Inch

I-( rH ^ CO rH (N

<!

No.
rHi-Hr-li—li—li—li—li—li—(COCOG<lt—li-H r-lrHCNrH(MrHi-l<M

W
H
fi
M
O
W
5^.

O
w
o •

<J

Description

of

Take.

Plaice,

.

Lemon

dabs,

.

CJommon

dabs.

Long

rough

dabs,

.

Halibut,
Haddeck§,

.

Cod,"

'.

Whitings,

'.

:

Brassie,

.

Cat-fish,

.

Grey

skate,

.

Starry

ray,

.

Plaice,

.

Long

rough

dabs,

.

Cod,

Whitinp-s

30RD

OF

Observations

]

Pelagic

Fauna,

Spawn

and

young

Fish.

Surface-net.

—

Hy-

peria,

sp.

r.;

small

Me-

dusidfB,

v.r.

;

Sagitta,

r.

;

1

post-larval

fish

(Cat-

fish).

Bottom-oiet.

—

CaZawws

Jinmarchicus,

f.

;
Tw-

ora

longicomiSy

i.

;
Me-

topa

(?

alderri),

f.

;
Hy-

peria,

sp.

f.;

Mysis

phausia,

sp.

f.

;

Caligus^

sp.

f.;

iSagitta,

sp.

fr.

Surface-net.

—

Boreo-

phausia,

sp.

v.r.;

ffy-

jic'iia,

sp.

v.r.;

Calanus

Jinmarchicus,

r.;

Sagit-

ta,

sp.

f.;

Medusids,

r.

Bottom-net.

—

Cran-

gon

allmanni,

fr.

;
Cran-

gon

nanus,

fr.

;

Panda-

TABLE

C—

Rec

1

Bot-
tom.

42-0 14
fath.

42-0 17 fath.
42-6 15

fath.

40-9 14
fath.

peratur

Sur- face.

o o CM O

Tern;

Air. DryBulb.

O ^
to

c4
^'

Station,

Date,

and

Time

Trawl

down.

Station

VL

21st

Feb.

3.10

p.m.

to

3,55

p.m.

Station

VII.

13th

Feb.

3,5

p.m.

to

4.56

p.m.
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Wind,

Weather,

and

other

Observations.

At

finish—

Wind

E.S.E.,

force

6;

overcast;

sea,

rough;

tide,

2

hours

flood;

bar.,

29*76;

transpa-

rency,

1^

fathoms.

At

beginning

—

Wind

S.E.,

force

5;

clear;

sea,

rough;

tide,

fully

I
ebb;

bar.,

29-86;

trans-

parency,

3

fathoms.

At

finish—

Wind

S.E.,

force,

4;

tide,

nearly

|
ebb;

bar.,

Invertebrate

Fauna,

&c.,

brought

up

in

Trawl

Net.
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Wind,

Weather,

and

other

Observations.

At

beginning-

Wind

W.S.W.,

force

4;

weather,

moderately

clear

;

sea,

slight

;

tide,

near

high

water

;

bar.,

29-38

;

trans-

parency,

4^

fathoms.

At

finish—

Wind

W.N.W.,

force

3;

clear

;
tide,

first

of

ebb;

bar.,

29-42;

transparency,

3

fathoms.

<u ^B OQ

Invertebral

Fauna,

&c.

brought

up

:

Trawl

Net.

1

: : : «o 00 : »o oo : o :

. . . . . I—( .

No.
: : : CO CO »-h cm : (M :

f
Fish. Inches : : :oioio(M :... i-H . i-i r-i .

o

Size No.

CD
a>
_rf COCNCOOOCOt^t^r-HCOOkO

f-H I—1 r-H (M rH r-i
Inc]

No.
r-lrHf-Hiiii-lurSi-lkOx^lrHCN

Description

of

Take.

Plaice,

.

Lemon

sole,

.

Common

dab,

Long

rough

dabs,

.

Haddocks,

Cod!

.

;
:

Whitings,
Gurnards,

Herring,

Pelagic

Fauna,

Spawn,

and

young

Fish.

Surface-net.

—

Para-

themisto,

sp.

f,

;

CcUa-

nus

finmarchicus,

a.

;

Temora

longicornis,

f.;

A

nomalocera

pater

sonii,

r.;

Sagitta,

sp.

f.;

fish

ova

(cod,

&c.),

com.

Bottom-net.

—

Para-

themisto,

sp.

f.

;
Hy-

peria,

sp.

r,;

Monocu-

Atylus,

sp.

f.

;

Metopa,

sp.

f.;

Leptomysis,

sp.

r.

;

Erythrops,

sp.

f.;

Mysis

ornata,

r.

;

Boreo-

phausia,

sp.

f
.
;

Cuma,

sp.

r.

;

Pseudocuma

cer-

caria,

r.

;

Diastylus,

sp.

fr.

;

Galanus

finmarchi-

cus,

f.

;

Temora

longi-

cornis,

f
.
;

Candace

pec-

tinata,

f
.
;
young

(larval)

Decapods

(Brachyura,

fr.

;

Carida,

f.);

younaj

Schizopods,

fr.
;

post-

larval

fish,

r.

Teniperatiire.

u
a>

Bot-
tom.

44-2 27
fath.

44-0 22
fath.

Wat.

Sur- face. :^ :^

Air. Dry Bulb.

Station,

Date,

and

Time

Trawl

down.

Station VIIL

24th

April

5.25

p.m.

to

7.30

p.m.
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i-i i-H . :

er

and

No.

Numl
Inches

t-H Oi O Ht<NOi <M
r-t I—< I—1 GO I-H r-t

No.

Description

of

Take.

Starry

ray,

.

Plaice,

.

Lemon

dabs,

.

Common

dabs.

Long

rough

dabs,

.

Cod,

.

Whitings,

>>

•

Pelagic

Fauna,

Spawn,

and

young

Fish.

Bottom-net,

—

Atylus

hispinosus,

f.

;

Tryphosa

oiana,,

f,

;

Metojxi

alderi,

f.

;

Crangon

allmanni,

f,

;

Boreophausia,

sp,

f,

;

Gastrosaccus

spinifer,

V,

r,

;My

sis

spiritus,

r.

;

Calanus

finniarchicus,

com.

;

Sagitta,

sp,

f.

;

1

young

pike

fish,

3f

inches

Surface

-

net.

—

Hy-

peria,

sp.,

1
or

2;

Cala-

nus

Jiiimarchicus,

v.

r.

;

Dias

longiremis,

v.

r.

;

1

post-larval

gurnard

;

(water

contained

a

good

deal

of

mud

in

suspen-

sion).

Bottom-net.

—

Metopa,

sp.

f.

;

Atylus

hispin-

osus,

f,

;

Tryphosa

nana,

f,

;

Hyperia,

sp.
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Wind,

Weather,

and

other

Observations.

At

beginning

—

Wind

E.N.E.,

force

5
;

dull;

sea,

slight;

tide,

first

of

flood

;

bar.,

30-12;

transpa-

rency,

3|

fathoms.

At

finish—

Tide,

^
flood;

bar.,

30-13;

transparency,

2|

fathoms.

Invertebrate

Fauna,

&c.

brought

up

in

Trawl

Net. Ilij|ii|liil|pif3|:i
mllpliisiNisiiSi

2 g 1 11-2 1 1 ^ 1 1 ^1 1 cata,

f
r.
;
My-

tilus

modiolus,

com.

;

Pecten

opercularis,

f
.

;

Pecten

pusia

f.;

Polynoe,

sp.

f.;

Alcyonium,

sp.

fr.;

Tabularia,

sp.

.

;
weed,

a.

Number

and

Size

of

Fish

Inches
iJooo" : : : ;
• j-H . ,-H . . . .

No.
: CO : (M : : : :

Inches

• o !—
1 : CO CO : : :

. (M r-l . 1-1 ...

No.
: 1-1 i-H : <M rH : : :

I—I . ...

Inches^
«ococot^-*t>.i©io:o
(MG<I i-l r-l (M

No. CM

Description

of

Take.

Thornback

ray,

Plaice,

.

Lemon

soles,

.

Cod,

Angler,

.

Father-lasher,

Pelagic

Fauna,

Spawn,

and

young

Fish.

Surface-net

.

-Sarsia

,

sp.

f.

;

post-larval

flat-

fish

(plaice),

1;

and

some

Zostera

only.

Bottom-net.

—

Para-

pontellat

sp.

fr.;

Thal-

estris,

longimanus,

f
.

;

Munna,

sp.

f.;

Ca-

prella,

sp.

f.;

Pycno-

gonidae,

f
.
;

Temora

longicornis,

f
r.
;

Sarsia,

Medusids,

f.;

larval

Decapods,

fr.

;

Post-

larval

fish—

round,

fr.;

flat,

r.;

fine

weed,

a.

Temperature.

Bot-
tom.

11-0
fath.

11-7
fath.

1
Sur- face.

CO CT)

l—l r—

1

l-H l—l

Air. DryBulb.

00

s ^

Station,

Date,

and

Time

Trawl

down.

Station

III.

26th

May

11.15

a.m.

to

12.45

p.m.
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Wind,

Weather,

and

other

Observations.

At

beginning

—

Wind

W.S.W.,

force

4;

overcast,

sea,

slight

;

tide,

4

hours

ebb;

bar.,

29

79

;

transpar-

ency,

4^

fathoms.

At

finish—

Wind

W.,

force

3
;

weather,

dull,

wet;

tide,

about

low

water,

bar.,

29*76;

transparency,

4|

fathoms. At

beginning

—

Wind

W.

by

N.,

force

5;

cloudy,

sea,

moderate;

tide,

near

high

water

;

bar.,

29*76;

transpa-

rency,

3^

fathoms.

At

finish

-Wind

AV.,

force

4;

tide,

first

of

ebb;

trans-

parency,

3^

fathoms.

Invertebrate

Fauna,

&c.

brought

up

in

Trawl

Net.

Nephrops

nor-

vegicus,

f.

;

youtig

Loligo

vulgaris,

f.

Size

of

Fish.

Inches
or::u:5;:t^:o^:oooi?i^:: ::

No.

Inches
r-4 : . . . -I-H .(Nl-Hi-H -t-H

ler

and

No. : :co : : : : : :

Numt
Inches

He'
CO CO C» GO O ?D QO O OO r-l so ?D .-t uTS

C<1 f-H j-H 1—
' »-H (M i-H rH i-H

No.
CO <M .-1 lO CO >-> »-H T-l i-H i-H rH CO (M <M F-l i-( i-H

I-H I-H

Description

of

Take.

Plaice,

.

.

Lemon

soles,

.

Common

dabs,

Witch

soles,

".

Long

rough

dabs,

.

Haddocks,

Cod,"

:
:
:

Whitings,

!

„

.

.

.

Common

gurnards.

Lemon

soles,

.

Common

dabs,

Pelagic

Fauna,

Spawn,

and

young

Fish.

Surface

-

net.

—

Te-

mora

longicornis,

t
;

Ccntropages,

sp.

f.

;

Evadne,

sp.

f.

;

Porcel-

lana

and

Carida

(juv.),

fr.

;

Pleurobrachia,

sp.

f.;

one

or

two

fish

ova

(possibly

of

the

black

sole).

Bottom-net.

—

Brach-

yura

(juv.),

f.

;

small

Medusidse

[Pleurobra-

chia,

sp.

f.
Surface-net.

—

Porcel-

^awa

(juv.),

fr.

;
small

Me-

dusidse

{Pleurobrachia,

sp.),

com.

Bottom

-net.

—

Po?*ce^-

lana,

sp.,

and

Portunus,

sp.

(juv.),

fr.

;

small

Medusidae

{Pleurobra-

chia

sp.),

com.;

young

round-fish,

1.

Temperature.

Water.

Bot-
tom.

10*8 12
fath.

10*6 14
fath.

11-7

fa?h.
12

fath.

Sur- face.

OJ

<N 12*8 12-4 12*0

Air.

O
15

O 0 30

^ <^ S

Station,

\

Date,

and

j

Time

Trawl

,

down.

Station

II.

23rd

July

8.10

a.m.

to

9.50

a.ra.

Station

HI.

23rd

July

2.14

p.m.

to

4.0

p.m.
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Average
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Fish

per
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Total
Value.
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Total
Value.
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Total
Value.
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lotai
Value.
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Total
Value.
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Value.
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CM 10

CO

0.

t^CO
CO

CO lO

CO
rH
05

•{a^og uouiaq;)

910S

5*
1 05 05

to
<M

1

ĈO
rH

»o
CO
T—

1

1 CO
00

CO
00

1 0
00

0
00

^ H<N
05 —

1

HC30
T—

1

<M 1 CM 1 1 1 1 1 1

•^oqjtix CO CO

0

-H|(N

OS
I—

1

1 1

CM CM CO
rH
CO

CM Oi
CM

cwt.
1016

37
1053

00
C5 CO
CO

(M
CO

10 CO
00
CM

00
10
CO

CM 00
CM

CO

0
CO

CO CM
rH CO
CO CO

•Jlooppt'H cwt.
6916

661
7577 2061

591
2652

CO CM
CM C3i

2020

rH CO
10 rH

CO
4364 4584

659
5243

•(qs^Boo)
ClTr'l TT>C1

•tf 0 CO
:S 0 CO
0 CM

-238 CO rH
CO rH

rH
1 CO CO

5[SJ0Jj
cwt.

1

•Sai'][ ^ 00
i-H

Oi
rH 00
(M

CM CO 00 CO \Ci rH t^oo 10
rH

•poo cwt.
1494

106
1600

t^OO
Oi 00
(N

10
00
CO

CM 05 rH
CO CO Oi

CO
CO
rH

05 00
0000
rH CM

'[9a95[0BXi\[ cwt.
1 1 1 1 1

rH
CM

1 1

cwt.
1 1 1 rH I

cwt.
1 1 1 1 1 1 1

' 0 1

CO
0
CO

•°uijaoH 30,882 30,882 82,698
82,698

1
00
rH
CO 1

00
rH
CO

District.

Montrose

District—

continued.

L

Net

and

line

boats,

.

II.

Steam

beam

trawl'irs,

Total,

I.

Net

and

line

boats,

.

II.

Steam

beam

trawlers.

Total,

I.

Net

and

line

boats,

.

IL

Steam

beam

trawlers,

Total,

L

Net

and

line

boats,

.

IL

Steam

beam

trawlers.

Total,

I.

Net

and

lina

boats,

.

IL

Steam

beam

trawlers,

Total,
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Total
Value.

CO i-l

^ CM Oi
CO

4552
783

5335
73,637 11,956 85,593

JO spui>i idn^o
cwt.

256
CO

(M CO CO 3439 3439

8
<M

1

36C1
3601

•sje^sqoq; lOOs.
1^60 1^60

I-H

lO

rH
rH

gUlBIQ cwt.
( 1 1 1 1

•s-[9ssni\[ cwt.
6979 6979 4157 4157

52,614 52,614

100s

!
- 1 1 1

JO spm^t i9q:^o
cwt.

1548
204

1752

!
1074

191
1265

10,388
2736

|13,124

I-H

^ <M CO

o

OO
iO

lO oo
<N I-H

CO CO rH
CO lO
CO CO

oo
CD

•pa
00
G<l

00 (M
CM

o
CO

(M Oi
00 rH

COo
I-H

'jgpnnojj
cwt.

264 387
CO

OOo
rH CO

<M
2354 4752 7106

•(epg uoui8'j) loo
o

00
CO

1 00
CD
00 O 1054

cwt.
(N

r-JllMt-llCl

CO lO
CO

+oq-i'ijj
- E

tH|N 1 HC*Hi<N
CM 1 rH CO
(N j rH

00
I-H (N CM

<N

CO CO
> CO CO

o ^
CO 1 t^b-
CO 1 OlrH

1 CO
rH

6104
422

6526

Jiooppujj cwt.
5700

488
6188 4356

349
4705

74,290
7,899

82,189

•{qs'i|lT30o)

o
o
(M

urs oo
I-H

CO
CM

lo CO
00 rH

rH

oo

oo

31S.I0X

cwt.l
1

1

•Suiq; <N
CO

CO 05 (M
CO

l>.00
(N OO

lO

•poo
Oi OO

% CO

o

CO
oo CO
CO

CO
9313 1515

10,828

•pi95^0t!J\f cwt.
1 1

o

rW COI-H

cwt.
120

o
2037 2037 2275 2275

•Snuj9jj cwt.

2373 2373 4864 4864

CO
Oi
(N^ 1

<M
I-H

CO
Oi

<N
rH

Total,

line

boats,

am

trawlei

Net

and

]

Steam

bei

Net

and

]

Steam

be;

t-H I-H

O

11

8^
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Total
Value.

3332 1966 1325 1600 2452 1714 3589 4459 1144 1717 1336

-*
CO
co_^

(M

JO spupt jaq^JO
> ioomo'totoi—io<MOii:5

1

<^ rH r-t 1—1 r-. rH

o
CO
03

O 1 1 'CO OS CO CJO rH I 1O CO CO

CD
;o

rH

•sa9:).sqoT[

O !>. lO 05 ^ r-l

CD 1 1 1 t"^ CO 00 CO C*^ ' 1

2 CO CO " • •

'

rH
00

1 1 1 1 1 1 1 1 1 1 1 1

o

-g"
1 1 1 > i 1 1 1 1 1 1 1

o
1

O 1 1 1 1 : 1 1 1 1 1 1 1o

•qsTj ^:^Iq^

JO spui>[ J8q;o
rH i-Hi-HOOCOC^CO-^CO r-l

o
CO
CO

^ l-H O l-l
O rH CM (M

I—

1

kO

•pa
g (M 1 1 1 1 rH 1 1 1 Oi 1> i-t
O

C!i
C<l

'lapuno^j

_^ ^l>-<Mi-HOiCOCOCMCO(Mir5kr5 »>.
as
(M

'{qog uouiarj)

aiog
1 1 1 1 1 1 ; 1 1 1 1 1

O
1

•^inqil^H
lllt^^^.lllll O

oo
rH

•^^oqJnx -e tiico-^oifiii-ti
^ l-H r-H
O

H?)
OO

• iOCCi-ll>-Oi(>?OI>.>-(0<M'>*
-P -^(Mt^fMl^COOSt^COCNCOCN
^ (MCOOOCOCOCOCOCOO
O I—

1

00
Ol

•>Iooppt'H cwt, 7240 4997 2405 1707 1830 1271
431

303

!
1382 2457 3006 1659

oo
CO
oo"

•(qsyiDoo) -e 1 |'*0000'=li| 1 1 ico
^ CO as (M
c;> uTi CO

05
00
OJ

•(5isnx)

5^sj;oj|

-e 1 1 1 1 1 1 1 . 1 1 1 1

I
1

•Suiq; oo

•poo cwt.

726 428 304
1584 3320 1733

65 28 89
457

1171
593

oo
as

i 1 1 1 1 1 1 1 . 1 1 1
1

o
I

•SuqaBdg ^ 1 1 1 1 1 1 1 1 . 1 1 1

o

•:^Badg ^ . , 1 1 1 I 1 . 1 - 1

rH*
OJ
oo
oo"
CO

lOt^ tO<NOOOOCD ICO 1

^. ^3 kO-'Ht^rHCOCO
-M 00 CO^ f-H

^ co"

District.

eS

d
, ^

2ft -{^ - r - - : 5 = - :: :

PQ

Date. 1890

January-

February

March April

May
June

July

August

September

October

November
December

mole

year
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Total
Value.

5727
10,002 15,729

4028 9311
13,339

4349

12,257 16,606

6179
10,122 16,301

9531 9101
18,632

JO spuiJ[ joq^o
cwt.

1 1 1

100s.

1 1

00
1

oo" ^ '

CO

•si9:^sqo';i;

GO HOOO 1o
I-H

1 rH 1 rH* C>1 1 CI

cwt.

1 1 1 1 1 1 1 1

•spssni\[ cwt.
1 1 ! 1 1 1 1 1 1 1 1

100s

1 1

10 spam Joqao
cwt.

455
1452 1907

CO
OO (M
CO rH

O
rH
lO

CO OO
(M O

rH
(N
CO

CO rHO ^^ o
CO CO
05 to
rH CO 2552

^" Sit
O I—

1

rH
lO
CM rH

OO CO
CO
CO

lO Oi
(M O
l^rH

CO
OO 2022

175
2197

qag;
o

Oi 00
rH

^ CO OO C5
rH

'japuuo{j
cwt.

3212 3212 3526 3526

rH I-H
rH

CO
3255

OO CO
rH Ol

iO 2614 2890 2890

•(apg nouiai)
cwt.

425
>o o

1 w o !>.

' CO CO 1077 1077 1102 1102

^- 00 1

o

00 OO (N
Oi

oo
I-H

CO CO
Oi

OS t^co
CO Off

C1 CO
rH
CO
rH

1318

•n r\Ci TIT T
O (M rM (M

CO
(M
CI

CO

rH rH

CI CO
OO
I—

1

lO
OO
I-H

l^O
rH iO

C^

t>.
CO
c^

. 00 <M

o

rH OO ^
rH

o
(M

O
fH CM
CO rH

CO
OO o
OS iH
05 rH 1108 1304

125
1429

•HDcpptJH

o o
^ t—

1

? OO VO
o

13,680

6333 5720
12,053

4868 9936
14,804

4038 5067 9105 5301 4555 9856

•(qsqiT30o)

gq^reS
C..H

o
CO lO CO

CO
OO

O 05^ CO
Oi

CO CO
I—

OO CO c^

CO
cq

|2748

•(5isnx)

•51SI0X
cwt.

1 1 \ 1 1 1 CO 1

rH
CO
rH

O 1

Oi
o
Oi

•Suit
• iO o

00

o

OO lO
.-H CO

CO
00
(M

CO o
lO Tti

rHO
CO

kO 00
CO TtH

1283

CO ^
t^co
OO 1910

•poo cwt.

703 751

rH
1052

734
1786 1039 1637 2876 4514 1654 6168

10,272

660

10,932

cwt.

1 1 1 III 1 1 1 1 I

•Saiyi'Bdg cwt.

1 III 1 1 1 1

•^^^.Idg cwt.

ill 1

•SmxiGH cwt.

186
CO
OO
rH

CO 1 CO 1

C5 Cl
cq 1

OS
c^
05

2 S ^ o <^

a S

.o

5 ^
O <:«

O)

<1

O o3
-2 ^

1^
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Total
Value.

1 O y-i
OO OO

cv> 1^00
16,766 28,393

9992
38,385 33,927 12,397

CM
CO^

CO

4902
15,681 20,583

3563

13,366 16,929

JO spaiJt aaq;o cwt.
- 1 1 1 1 1 1 1

oo

Him
to CO 1

CM
CO
CM

CO 1

CO
CO
CO

o
1

O CO
kO 1

CO
kO

•si8:;sqoT;

m
8 ' T-H 1 1 1

cwt.

1 1 1

•spssni\[
o

1 1

100s

1
1

1 1 1 1 1

JO spupi aaq^o
cwt.

370
1294 1664

O Oi
rH !M

CO
(M

2639 2082 2082

<Ji CO

CM
2155

125
3339 3464

? O
O t--. r-H

00

OO

00 ^^ CO
l-H

CM
00

rH O
CM CM

rH

rH

CO O-D
OO rH
i-H CO

CO
OS

O
rH

1 l>» 1 Ol OS
<M

rH
CO

'TTTJcr 'aoreTJ11. cL ""^y^Lci

'japimoij cwt.
2345 2345 1979 1979

CO
CM O

kO
(M

2533
120

2659 2779
115

2163 2278

•(apg U0UI8T;)

atos
cwt.

1430

o
CO

I—

1

1 f—

(

ITZT

CO
1 OS
rH

CO
OS 1 ^ (M

rH
<M CS

o
<JS

•;nqtiBH t
o
rH 1

o
rH
O-i

CMO 1

rH

(Mo
rH

1 (M

•;oqjnj, 1 <MO CO
rH

CM
CM

CO
CM
CM

1

kO
CM CM

1 kO

CO

kO
rH
CO

1 kO
CO
CM

kO
OO
CM

cwt. 2192
173

2365

rH CM
kO CO
kO rH

CO
OO
CO

rH CO
rH ^
CO rH

kO
OS rH
OO O O

kO
kO 2283

118
2401

'MOODDBtl cwt.

3637 5486 9123 1163 5880 7043 1115 8237 9352 2292
10,601 12,893

3093 9541
12,634

•(qsyiBOO)
cwt.

1942
515 kO

(M

(M 05^ CO
kO

kO
1 c»

kO
OO
rH

CM CO
OS

kO
OS

1

kO kO

•(>isnx)

>[SJOX
e lo 1 kO

CI
CO 1

OO
CO
CO

CM 1 CM 1 1 1 1

• i-H ^
"S CO lO
? OO
o

kO
OO
OO

CO CO
CM ^-
kO

CMO
CO

rH CO
CO

kO
CO

rH CO
k£5 CO

rH

CM kO
CO o

•poo cwt. 5053
760 5813

1
434

'

1190

M<
CM
CO

rH O
05 00
rH CO

rH

00

kO CO
rH

OO
OO
!>.

kO CO
CO CM
U5 kO 1088

tf 1

o
Tt< 1 1 1 1 1 1 1 1 1

cwt..

1 1 1 1 1 1 1 1

cwt.

1 1 1 1

cwt.

3094 3094

122,503
"122,503

171,577 171,577
10,388

OO
OO
co^ 1 1

^ O) r-~ fl C

5> S fl

15 ^
O c3

Ii
4)

O eJ

'— -«->
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Total

V

aiue.

3767
11,791 15,558

4013

12,046 16,059
116,164 135,047 251,211

JO spm5[ Jaqw o
1

to" -"O'
,O F-1 1o

r—

1

I-( CO 1

(M
<N

CO
CM
CM

•sie^jsqo'X lOOs 1 ur5 1 lO

i 1

o

o
1 1 1

100s

1

cwt.

615
3111 3726

690
3266 3956

00 CM
00 CO

05
-^'co'^

28,420

cwt.
166 290

CD o o
I-H

o
T-H

CI 4678 1630 6308

•pa § CO
.-H (M CO OO (M

CO CO
I-H

oo
CM

'jepunoij
cwt.

21
3093

J—

t

»—

t

CO

OO
1 OS
OO
CO

3898
311

34,109

o
CM

CO.

•(9I0S uoiuari) 1 -e , g
8I0S i 5

OS
CD

1009 1009 11,922 11,922

o
1

vTi CO
<M

lO
CO

16548

cwt.

282
<M
OO
C<J

1 Jo
CM CM

CM
2801

cwt.

2324
171

2495

o
lO CO
CO
T-H

1384
16,131

1,391
17,522

•Jlooppt'H cwt.

3125 6939
10,064

3050 6377 9427
46,59583,439

•(qsmt^oO) % '
^ I—

1

VO
(N Oi
T-H urs

tH
5548 |1607| 7155

o
CD 1

(M
(M

CD
CM
CM

•Suit; -g coc»
<M

i-t

OO :;o
CO CO
I—

t

I-H
(M
<M 5679

678
6357

•poo cwt.

1334
615

1949 1979
718

2697
27,211 10,635 37,846

'

o
1 ^ 1

1 1 1 1 1

o
1 1 1

o
1 J 1

C3
O cS

li

O ci

o >•

rH ^
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other

kinds

of

White

r

isn (Small).

• CO O ?^ Ot^OS lO i-H 00 05 05 <N O CO O I—t (M CO
-t^<MOO'* 05?D(N (M^CO ^QOt^ CO'*'^ i-H^'* Oil^iO

I—I ?0 CO ?—1 (M CO CM 1—I Oi ?0 CO
O

Other

kinds

of

White
Fish

(Large).

• OicoiO) t^y-<un (M05CN ooocjs "^--jo 3°292
-ecNCNio ^o-* a;i-i-* os co .-h rH oo ^X) ^i;-^ 25 ^
P^COOi lOCOi-l rt^t^CO VOCirH CO .-H CO ^ (M
O r-1 r-1 rH

Lemon

Sole,

Flounder,

Plaice,

Brill

(Small).

<:ooo(N o>o(M ocoo cD?Dt^ t::S22 P?122
(M rH CO O lOrHO COrHOS OiCOt^ -^CM-^ t^OJ-*

O

Lemon

Sole,

Flounder,

Plaice,

Brill

(Large).

r-iOt^ OOOCO 00CO5O <0?0t^ (MCMO r-lOO
COCO'* Oii-H-* OOC<l(M OSCNOS COC^^ OOOOO (Mt>--*

•<M CN CO I—1 -^i—<COi—(CO»—tGOi—

1

t
o

Halibut (Small).

^ i-H i-HrH'* «0 i-l

O

Halibut

(Large).

Hp
C^COCOC<l^'*<Nt^ (Mi-I COCO i-li^J

^ : : : ,-( :

Turbot (Small).

o •"•* *

Turbot

(Large).

•<MrH OOCN OOO COO CO(M -^lO (N*^
-^rHrH : G<> CO : Oi-H : t^ko : «oco : t>.i-( :

o
'

Haddock

and
Whitino'

(Small).

.kOCOC5i 'XJT'lCq I—Ir-HCO T-I050i t^itDlO OOC^OS t^C<JVO
-M CO (N CM rH OS !>• I>- OICO'* CD'+i 1^ i—1 !>• OS
^i-l-rMrH CN>0 COt^ ^OO OOCMCN OCOCN COrHrH
Q 1—I CM rH i-H r-t

Whiting

.0-100 00 C^JCOi—1 t^OSCO rHOkO I^COO COOl>- OOt^O
-MCOOSOS i^-^CO OOOOCM C<ICMCO 'rJlOl^ CX)COCO OSOSrH
fetMCM OO corn CM CM CMCM i-irH COrH
o --^

Haddock

.XOM<CO r~\-^ 3i COOOCM OOOl-^ OS CM CM Ot—l<X) rHt^OS
-MCOOOCM OSOi—( OOOCO CO:Ot^ ^COkO O 1:0 COCOkrt
5;rHOOS OjOO«0 rHCO-* COl^CO OSCM^ OOCMkO CMCMCN
JjT-HOO ^ <S CM 10 F-HiO CMtJi (M

I-H

Cod (Small).

,-tOCO(M 'tliOl^ ^ 0 O»0rH COOC5 OO^CO lOrHO
ifrhcMici i^-*co oolcM ot^cM osoolo cocovo t^^cq
? rH CM CM rH rH rH i—I rH
0

Cod
(Large).

• <35 CO 00 t^i—10 t-». rHOSurS lO OO O CO lO 00 CO
-g-rtiOSO Ot^CO OOCOCO OS-^CO (M"^rH OCOO l^t^OO
^t^COOl M^COOO kO 10 '^Ji I>-0O0O O (M CM CO t-I COCO
0 I—1 f-H f—' r-1 1—1 CO I-H I-H CO I—I CM

Stations.

LEITH.

I.

Beam

trawl,

.

II.

Line,

extra-territorial,

.

III.

Line,

territorial,

.

I.

Beam

trawl,

.

II.

Line,

extra-territorial,

.

III.

Line,

territorial,

.

I.

Beam

trawl,

II.

Line,

extra-territorial,

.

III.

Line,

territorial,

.

I

Beam

trawl

II.

Line,

extra-territorial,

.

III.

Line,

territorial,

.

I.

Beam

trawl,

II.

liine,

extra-territorial,

.

III.

Line,

territorial,

.

I.

Beam

Trawl,

II.

Line,

extra-territorial,

.

III.

Line,

territorial,

,

I.

Beam

trawl,

II.

Line,

extra-territorial,

.

III.

Line,

territorial.

.

<
cS '3

-5
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other

kinds

of

White
Fish (Small).

cwt.

880
68

1081

76 73
858

15 49
910

88
117 937 702 136

I-H CO COO CM lO
CO OO O

CO I-H

Other

kinds

of

White
Fish

(Large).

• Oi :(M • cjico^o toooo CO CO T-H oscmcoco-o cooio ioc-iio 00^00 r^tooo
? 05 I-H I—1 I-H O CO I-H i-t CO CM CM
O r-l I-H T-H I-H i-H

10,020

7894 1564

Lemon

Sole,

Flounder,

Plaice,

Brill

(Small).

t>» 'OO vou;5C-l kOOCO •^rt<t-— CMOlOiO O 05 CN (M CO CM CO O
^* I-H CM

I-H CO 00
05 »0 CM
OJ CO CO

Lemon

Sole,

Flounder,

Plaice,

Brill

i

(Large).

CM :0 lOCOt-» COVCCM l>.00 CMiOCO
CO .C» •^'^CM I—lOiC-O r-H|>.00 05CM05

• CO CO 00 CO OOrHi-H <M CM C35 i-H
I-H rH . T-H i-H

O

CM CO CO
CM CO

rH-^
CM

I-H

Halibut (Small). % ' ' ' '

o

• OO
'• I-H

'•

Halibut

(Large).

^ : : : CM : : : : : :co : i-hcoi-h

^ . •

o

CO CM 00
I-H O

CO

Turbot (Small).

• 00 :
• ko rH : CO : : !>• : : Oi-h ;P : . . . . . . rH .

o

i^oi :

t^r-H .

Turbot
(Large).

• 05 • • (M • COCO : O uri ; i-h
;g CO : • !>. . OO . C<I • OO rH .

^ I-H rH
O

CM crs CM
CM O
OJ I-H

Haddock and
Whitinir

(Small).

O CO r-HOt^ CMkOCM COrHO t^'MOO
-fJ ICi •!>. Ull-^CO OO^CO CiOO^ ^05fM
^ t^:co ^loo

JZ^*-^^
oO'^tHco 14,918 10,143

3522

Whiting

OO I-H O 00 O VO I—1 CO CO CO lO 00 Oi
rH -CM OS I-H lO I-H CO CO Ol CO CO i—< OO lO^i-H^CM rH -^rHrHkCCMCM

O

OJ urj (MO O rH
lO O CM
CO CO I-H

Haddock (Larefe^

CM O Oi-H(M OOit^ Oit^CO rMiO'*
"> CM :0 "^rHCO 00-<*ii-H 'Tf^COOi COCMt^
g CO T-i CM I-H CM CO rH

23,610 39,248

7364

Cod (Small).

CM :CO COrHO O vni^ -^eX)!^ COt^Oi
1f CO. CO ^ CO CDCM(M CMOO OSt^OO
^ rH rH (M rH
o

O OS I-HO lO ^
CM 00 O
I-H I-H

Cod
(Large).

. ;CO rHOit^ -*<MCO OlOCM CO 00 OO
"g Oi-CO i-Ht-HCO (MvOCM OC005 COOO

-^l i-H ^ CM CO-*rH '^COOS t^t^COO rH I-H rH
15,885 15,801

8262

Stations.

LEITR—

continued.

I.

Beam

trawl,

II.

Line,

extra-territorial,

.

III.

Line,

territorial,

.

I.

Beam

trawl,

II.

Line,

extra-territorial,

.

IlL

Line,

territorial,

.

I.

Beam

trawl,

II.

Line,

extra-territorial,

.

III.

Line,

territorial,

.

I.

Beam

trawl,

II.

Line,

extra-territorial,

.

III.

Line,

territorial,

.

I.

Beam

trawl,

II.

Line,

extra

territorial,

.

III.

Line,

territorial,

.

(
Beam

trawl,

.

<

Line,

extra-territorial,

(Line,

territorial,

.

iiioniju.

Aug. Sept.
Oct.

Nov. Dec.
Total for Year.
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Kind

of

Bait

used.

!
1

1

1

M.,

L. 1-1

M.,

L.

(Sea

paps).

M.,

L.

(Sea

paps),

H.

1

Number

of

Trips

and

Size

of

Boats

Fishing.

i

Beyond

the

Terri-

torial

Waters. Size.

36

to

45

ft.

30

to

53

ft.

30

to

58

ft.

30

to

58

ft.

36

to

58

ft.

36

to

58

tt.

36

to

53

ft.

36

to

42

ft.

36

to

58

ft.

30

to

53

ft.

30

to

53

ft

30

to

43

ft.

^ s rH
I-H

i>.
oo
I-H
rH

20

to

43

ft.!

277 182
in
Oi lO

rH
rH

oo lO
CO

20

to

30

ft.

156

Within

the

Tem-

torial

Waters. Size.

20

to

45

ft.

15

to

45

ft.

20

to

44

ft.

15

to

43

ft.

20

to

30

ft.

20

to

30

ft.

20

to

42

ft.

20

to

42

ft.

20

to

53

ft.

20

to

53

ft.

rH •

rH

CM
CM
(M

o
OS

o
CO
rH

Oio
rH

Oi
Oi

oo
Oi

COo o
CM

CO
CO
I-H

oo
Oi 1641

Quantity

of

Net

and

Line

Fish

caught

within

the

Territorial

Waters.

Other

White

Fish.

Cwts.

Aver.

Skate

and

Turbot.

Cwts.

Aver.

Soles,

Dabs,

and Flounders.

Cwts.

Aver.

634

3-25

298

2-11

517

2-32

65

0-34

71

0-54

CM
p
rH

CM
I-H
I-H

126

1-27

160

1-63

193

1-82

251

2-09

248

1-86

10

0-102

2685

1-63

Whiting.

Cwts.

Aver. :

Haddock.

i
Cwts.

Aver.

77

0-39

461

2-42

318

2-44

118

1-08

57

0-57
19-0

09 32

0-301

80-0

OT 135

1-01

2

0-02

1270

0-77

Cod.

Cwts.

Aver.

7

0-03

83

0-43

00

o
CO
po po 90-0

9 35

0-26

185

1-88

349

0-21

Herring.

Crans.

Aver.

\
^

1

Place

where

Landed

St

Andrews,

Total

for

year

Month and
Number

of Days
Fishing.

1890.

Jan.

(24)

Feb.

(12)

Mar.

(18)

Apr.

(22)

May

(23)

June

(23)

July

(26)

Aug.

(23)

Sept.

(21)

Oct.

(22)

Nov.

(19)

Dec.

(17)
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Part III.—Ninth Annual Ee'port

Kind

of

Bait

used.

Number

of

Trips

and

Size

of

Boats

Fishing.

Beyond

the

Terri-

torial

Waters. Size.

18

to

28

ft.

18

to

28

ft.

28

ft.

18

to

28

ft.

18

to

20

ft.

18

to

20

ft.

18

to

20

ft.

h-I

00 18

to

28

ft.

18

to

28

ft.

18

to

28

ft.

18

to

28

ft.

0 CO
T-4 1 CD
VO

j

CO 0 10 "oT CO CO 1 CO
00

1

00

Within

the

Terri-

torial

Waters. Size.

18

to

20

ft.

45

18

ft.

1

00 18

to

20

ft.

00

(N

18

to

20

ft.

18

ft.

00

.-4-3

00
45

00 GO

. CO
.0 CO

CO
CO
t-H

00 CO
(N

rH CO
pH

(M !>.
T-H 968

Quantity

of

Net

and

Line

Fish

caught

witliin

the

Temtorial

Waters.

2 ^

<W CO

6

b

128

0-96

152

1-28
809-0

9

0-75

CO
00

b

CO

b

CO

(M rH
rH

b b

CO
j

VO

b
00

00

b
00*

CO

ej 0
^'^

Ciots.

Aver.

3

0-09

10

0-07

CO
pb

000
b

(M

CO

b

CM

p
b 90-0

I

S

^103

(M0
"=>

Hd

CO
pb
H<N

CM

Soles,

Dabs,

and Flounders. . Hid

b
i-H 16

0-12

6

0-05

00

b

(N

VO
(N
T^

b
00

b
r—

1

b 80-0

T 37|

0-09

Whiting.

CO

5

0-71

b

CO
CO

80-0

01

CO

b
rHicq

»o

VO

b
rH|lM

VO 6

0-54

VO
CO

b

(N

T-H

b
rH

vp

b

00

rH

b
vp

b
00

102

0-25

Cod.

Haddock.

i^i t-H

CO CM

<a CO

G

2

0-85 CO

b
CD
00

010
b

(N
T-H

l-H
CO

JO

CD
T^

b

0
CM

CO
00

b

0
<M

19

1-58

00

CO
I-H

00

Oi 15

2-14

25

1-56

23

1-91

29

1-705

00
I-H

Hd
00
CO

b

l-H

00

b
CO

OS

b b

CO

VO
CO

b
T^H

b
I-H

If

0-109

CD

b b
00

CO
t;H

b

CO

Herring.

Crans.

Aver.
i

Place

where

Landed.

Auchmithie,

.

L
foi-

year

Month and Number of
Fishing.

1890.

Jan.

(6)

Feb.

(2)

Mar.

(13)

Apr.

(14)

May

(5)

June

(4)

July

(4)

Aug.

(7)

Sept.

(4)

Oct.

(3)

Nov.

(3)

Dec.

(3)
Tota
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Kind

of

Bait

used.

1^

ad

Number

of

Trips

and

Size

of

Boats

Fishing.

Beyond

the

Terri-

torial

Waters. Size..

18

to

54

ft.

25

to

54

ft.

25

to

54

ft.

25

to

54

ft.

18

to

54

ft.

18

to

54

ft.

18

to

55

ft.

18

to

40

ft.

18

to

54

ft.

18

to

54

ft.

18

to

54

ft.

18

to

54

ft.

o ^
te;; oo

?—

1

o CD
CO

lO
oo
(N

VO
CO
rH

Oi

CM

rH
CD

CD
CM Ol

Within

the

Terri-

torial

Waters. Size.

18

to

30

ft.

18

to

30

ft.

18

to

25

ft.

18

to

25

ft.

18

it.

18

ft.

18

ft.

18

ft.

18

to

30

ft.

18

to

20

ft.l
1

18

ft.

18

ft.

CD
(N
>o

rH
CO

CO
CO CO (M

oo
""^

CO CM CD 00

Quantity

of

Net

and

Line

Fish

caught

within

the

Territorial

Waters.

Other

White

Fish.

Cwts.

Aver.

14

0-51

34

0-507

69-0

98 22

0-709 CO

b

I—

1

l-H

CO

b
T-H
I—

1

CO

b

•H

lO

b
cow
CD

oo

b
CO
pH

6

0-26

rH

b
rtIN
rH
CM

ip

b
CO

CO

b
rW
Oi
r-H

Skate

and

Turbot.

Cwts.

Aver.
TO-O

f
lOO-O

f

Soles,

Dabs,

and
Flounders.

a

iH

b
o 8

0-15

b
8

0-18

CD
(M

b
COM
05

CO

b

r-H

CM

b
CO

CO
CM

b

rH

(M

b
CO

CO

b
rW
CM
rH

oo
CJO

b

CM 94

0-209

Whiting.

Cwts.

Aver.

15

0-55

13

019

17

0-13

9

0-28

16

0-37

CD
cp

b
Hicq

CM

OO

b
O
CO

11

0-407

13

0-27
Ip

b
rH
I—

1

CO

b
Him
CD
T-i

If

0-29

Oi
CO

b
cow
oc;

Haddock.

Ciots.

Aver.

82

3-03

68

1-01

59

1-11

lO

b

22

0-51

21

0-56

18

0-51

CM
CO

b

rH
21

0-43

Tt^

b

CN
r-H

16

0-307 p
rH

CO

Oi

b
HO"!
CD

CO

Cod.

Cwts.

Aver.

2

0-07

4

0-05

4

0-07

CM

b
4

0-09

i-H
rH

b
rH

b

CO

o
b

CN

00
pb

OOO
rH

b
•Hicq

CM

II-O

9 2

0-33

43

0-09

Herring.

Crans.

Aver.

Place

where

Landed.

CO
tn

O
for

year

Month

and
Number of Days

Fishing.

1890.

Jan.

(8)

Feb.

(11)

Mar.

(11)

Apr.

(7)

May

(11)

June

(12)

July

(11)

Aug.

(8)

Sept.

(10)

Oct.

(6)

Nov.

(13)

Dec.

(3)
Total
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Total

Trips.

lO«OCOCO

r—1 r-< rH

43,077

(N CD r—1 oo
(N O »—

t

F-H rH r-H

CO
Oi
oo

kO I-H t^OO
CO CN
OO 00 kO CN
tCrH^tClC

rH

34,501

1

Ofl O
OO t^t^-

cf^ <N
S

oo t^CO (Mo ko oo
rM GO p p
CN C<l CO (N

OS
CN
p

00 O.
CN cx) p
CO CN CN

ooo

Total

Fis

t>. ^ I—

1

CO ?o CS

(N rH

CO

i-H

OO kO 00 CO
CN O oo
CO CO "^^-^

CN CO CN

CO
Oi

oT
CN

<X) Oi
(35 Oi O CN
kO oo O
oo^cxfi-Ti-T
CI CO CN C<l

X
as
CN

rH

Other

White

Fish.

Oio o asO p urs

O
Oi
rH

O
^ CN C» CO
tH p CO p

CO

rH
00 CO CO CN
p p p

rH

<b

T-H CO O Ol
05 C<J g QO

lO

oo"

O t^OO I-H
r-H »0 CO CO
kO CX)

r-T CO"

COW

co"

CCWHWHW
CO 05 05
CO »— O

lO C^l

co~

cow
CN

oo^

i-H CO r-l

CO O O O
p p p pO O O O

I—

i

po

kO
CO rH O O
P p p POO OO

CNo
o

O CO CN
t--o o o
p p p poooo po

Skat.
Tur colTt'H'^.'Oi'ij.

r-H kO OO CO
00 C<) CO rH
CO

00
c» »o*o

>H C55 >0 kO
CO rH 05

CO o r>.ko
iH CM rH

CO
t>-
CO

CO 05 lO
q<i q<i po o o o

o
o

00 CS tr^CN
tH rH rH p

!>.
kO CN O CO CN

CO (^^ iH p o

1888.

Lemon

Floun(

and

Di

OO CO
<N(MCiOO
lO^-^ CO CM

(^T-^i—

r

CO
CO
05

oo"

ci
00

HlMH«'-W<r-l|(N
lO Oi rH kO
00 b-'-f 05
OO^O-J iH

i-TcN^i-T

cow

cd"

O
<J5
QQ

coW'ffKcH'f
CO rH rH
C55 Oi rH
kO kO Oi CM
c-fco"

ie|cDO
l>.
CO
i>r

o

COo
c>1

t—

t

bb

.2

OO ^ rHp (^q CO
CO CN kO Oip tH tH CO

CN kO OOlO kO
CN

O

rH O
I—( <M CO CO
Oi CN CO o

cow
CO
CO
kO

Hrro >-i CN ^-^ CO CO o
CO 00 o oo

rH^CO'c^f

HW

00^

CO

CO 1-t rH
OO O CN O
05 oo rH O

r-TcN*"^"

!>.O
Oi

oo"

Haddock.

G<l VO <M O
p p CO

oo
CO
CN

I—

1

^ rH l>.Oip t30 ip C<l

rH

p
CN aj -rH

p t^^-kp oo

rH

0 o o
>0 CN CO (M
01 CM Oi

io"
CM
CO

CO O 05 I-H
oc

iQ^iH t>.<N

co'ci'io ctT

hW
o
CO

CO rC^Oi c<i
CO fv| lo

CO^kO^

rH CO

CN

kO
oT
CO

ri
oO

00 CO ->:t< .—

I
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CHART showing the Results of the "Garland's" Trawllngs.

Thr rid Ihie r/ivfs the rnrrage pi-r '• shnf of ,Hal ,fish ; the lilacl- line girex the average per " nhot " of rouwl fish.

PLATE I.
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PLATE II.

CHART showing the relative Monthly Quantities of Fish (exclusive of Herring, Sprats, and Mackerel) landed by

Line Fishermen and Beam Trawlers along the East Coast of Scotland in 1890.

N.B.— The I/lack lines reprenent fish caught hy line; the red lines those caught by steam beam trairl. The thick lines indicrilt rotiuH fish ; the thin lines flat fish.
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II.—THE CHIEF FISHING GEOUNDS ON THE EAST COAST
OF SCOTLAND, WITH CHARTS SHOWING THEIR
POSITION AND EXTENT. By Dr T. Wemyss Fulton, F.R.S.E.,
Secretary for Scientific Investigations. (Plates III., IV.)

In some of the previous Reports of the Fishery Board descriptive

accounts have been given of a few of the fishing-grounds on the East
Coast of Scotland, but hitherto no attempt has been made to give their

topography in detail. The only complete works of this nature with which
I am acquainted are the Piscatorial Atlas of the North Sea by Mr O. T.
Olsen,* and the recently published excellent work of Captain C. F.
Drechsel, the Superintendent of the Sea Fisheries of Denmark.! In both
of these works the distribution of the various edible marine fishes is

shown in a series of coloured plates. . Captain Drechsel confines himself
to the representation of the fishing-grounds in the neighbourhood of the
coast, while Mr Olsen represents, although necessarily on a small scale,

the general distribution of the different species in the North Sea. The
part dealing with Scottish waters is however meagre. An account of the
fishings around the German Coasts has been given by Dr Hensen, with
a number of illustrative charts

; | and a chart and description of herring-

fishing grounds in the North Sea was recently published by Dr H. E.
Sauvage, Director of the Station Aquicole, Boulonge-sur-mer. §

Nine or ten years ago Mr James Johnston, a member of the Fishery
Board, pointed out the importance of having a chart of the fishing banks
of the North-east Coast prepared, since it is from these banks that by far

the bulk of the Scottish fish supply is obtained. On a representation

being made to the Admiralty, advantage was taken of H.M.S. * Triton,'

under Commander Tizard, to begin a survey. I am not aware whether
this has been completed.

The accompanying charts, representing the chief fishing banks along

the whole East Coast of Scotland, and around the Orkney and Shetland
Isles, have been prepared from charts sent to the Fishery Officers of a

number of East Coast districts. The Fishery Officers were—Messrs John
Doull, John Murray, William Mair, D. Rossie, Walter Bain, Couper,

Duthie, Melville, Gibson, Harper, Robertson, Sutherland, and Milliken,

who, after conferences with the most experienced fishermen, marked on
the charts the position of the various grounds. The labour of transferring

these to the published charts was kindly undertaken by Mr W. Ramsay
Smith, B.Sc. While the information thus given as to the location and
extent of the various fishing banks off the East Coast does not pretend to

be exhaustive, it will prove useful, and will pave the way for more com-
plete examination and description. A glance at the charts will show how
many are the important banks and spawning-grounds lying at some distance

off the coast. With the exception of Smith Bank, in the Moray Firth, and a

bank off the Firth of Forth, these have not yet been explored or scientifically

investigated, owing to the fact that the ' Garland ' is not large enough to

venture so far from shore and carry on dredging and trawling operations

without risk. Most fishery authorities are now agreed that the exploration

of the great off-shore fishing banks is of as much importance as that of the

territorial waters. There is evidence that most of the spawning-grounds

lie at distances from shore, especially those of the more valuable fishes, sucli

* The Piscatorial Atlas of the North Sea, English and St Qcarges Channch, by 0. T.

Olsen, F.L.S., F.R.O.S. London and Grimsby, 1883.

t Ovr.rsigt over vore SaltvandsfiHkcrier i Nords^cn og Farvandene indcnfor Skagen,
vned Kort og Planer. Kj0bonhavu, 1890.

X Ueber die Belisclimig der deutsclicn Kiisten, Jahrcsbcricht der Commission In

Kicl,fur die Jahre 1872, 1873.

§ Bulletin Bimensucl de la. Sac. Nat. VAcclinuitation de France, 1888.

m
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as the turbot, brill, plaice, &c. ; and Mr Scott's observations on the ' Soutli-

* esk,' and those made by expeditions sent out by the German Government

to investigate certain fishing banks in the North Sea, have shown that

nurseries of immature fish may exist far beyond the territorial limit.

The charts also show the location of the chief spawning-grounds for the

herring, some of those which are now deserted by that tish being separ-

ately distinguished. It is well known that the herring may capriciously,

without rhyme or reason, suddenly abandon a spawning-ground habitually

frequented for generations, and may as capriciously return. If the

principle held by the late Spencer Baird, the United States Fish Com-
missioner, is correct—that it is the rule for fish to return to spawn at the

place where they were themselves hatched, it would be worth trying

whether, by depositing and protecting artificially fertilised herring eggs

on these deserted grounds, a profitable fishing might not in the course of

a few seasons be re- established.

I give below a brief description of the chief fishing-grounds.

1. From Northumberland to Kattray Head.

This great stretch of the East Coast comprises some of the most pro-

ductive grounds in Scottish waters. South of St Abb's Head there are a

number of places famous for their herring fishing, and where the herring

spawns in summer. Great shoals spawn on a large patch some seven or

eight miles off Holy Isle ; further south, off Dunstanburgh, there is an excel-

lent spawning-ground within two or three miles from the shore, and another,

some sixteen square miles in extent, lies off Eyemouth, but few herrings

spawn here. Haddocks spawn in large shoals some twelve or thirteen miles

off St Abb's Head. In the Firth of Forth and neighbourhood are situated a

number of famous fishing-grounds, t am indebted to Mr John Murray, the

Fishery Officer of the Leith district, for the following account :

—

* Most of the bottom of the upper estuary of the Firth of Forth is com-
* posed of mud, with occasional patches of sandy gravel. Flounders,
* sparling, eels, sprats, herrings, and codlings are the principal kinds of

* fish resorting to the upper portion of the Firth. The first three descrip-
' tions of fish are considered local, and are believed to spawn in the upper
* waters. Flounders are caught nearly everywhere. Sparlings are got
* from opposite Kincardine, all the way up the Forth to Polmaise, at

' which place, and also at Abbeyford, they are believed to spawn. Sprats
* are chiefly caught on the south side of the Forth, from Alloa to Kincar-
' dine, and then on the north side from Kincardine to Limekilns, and
* occasionally on both sides down to Queensferry. Sprats are believed to
' leave the upper estuary, and spawn in the waters between Fisherrow and
* Gullane-ness. Herrings are caught on the same grounds as sprats, and
' they are frequently found together ; but all the herrings are believed to

' proceed from the upper estuary to the vicinity of the May for spawning
* purposes. Within the limits of the district two or three grounds, once
' noted as spawning-grounds for the herring, are now deserted by these
* fish. A good fishing gravel bank for codlings, &c., used to be found off

* Charleston, but either the dredgings from Bo'ness, &c., or the muddy
* silt of the Firth, have covered it recently, and the fish have disappeared.
* In the deep water near Queensferry large cod are now and again caught,
' and occasionally a few large skate, but few ground-fish of any other sort
* are found there. Over all the lower estuary, extending from Queens-
' ferry to May Island, nearly all kinds of edible fishes are found in more
* or less abundance. SlioU-fish, such as mussels and clams, are also found
' in considerable quantities from Mickry Island to Gullane-ness. Oysters
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* are found only sparsely scattered over these grounds, on which they were
' formerly very abundant ; and clams in considerable quantities have now
' settled down in their stead everywhere. While this is the case, it is

* right to state that several intelligent fishermen are rather inclined to

' attribute the disappearance of oysters from their former habitat to the
' recently increased pollution of the streams flowing into the Firth.

' The principal bank of the lower estuary, extending from Hound Point
* to a little beyond Inchkeith, an extreme distance of fully eight miles, is

' termed the Middle Bank. Its breadth is about one mile, and its centre
* lies about two miles ofi^ Newhaven Pier. The main channel of the Firth
' lies to the northward of the Middle Bank, with a depth of from ten to

' twenty fathoms ; while a narrow south channel, from ten to five fathoms
' deep, stretches westwards between the south end of Inchkeith and the
' shore, and along the Middle Bank to Cramond Island, where it termi-
* nates. In the winter seasons, herrings are chiefly caught in this locality

' from Inchgarvie eastwards along the north channel, and on its northern
' slope towards Burntisland and Kinghorn-ness ; and from Cramond Island
' eastwards to Cockenzie. Herrings continue to resort to the gravelly or
' rocky bottom around Inchkeith, the Host, North Craig, and Craig Waugh,
' and deposit their spawn on all these grounds. About three miles east-

' wards from Inchkeith the central or main channel again renews its

* continuation, with depths varying from twenty to upwards of thirty

' fathoms, which there extends onwards to the May, and beyond it. The
' sea bottom of this section again becomes more regular in its configura-

* tion. The acclivities on both sides slope gently upwards towards the
' shores. Generally these acclivities are smooth, with patches of gravel,

' sand, or shells ; and occasionally they are somewhat rocky ; while the
' deeper central channel is usually more or less muddy throughout its

' course. Extending from the North Craig, which lies two miles south-
' east from Inchkeith, a reef of rough stony ground stretches eastwards
* for three miles. North-westward from Ibris, or Eyebris Point, five miles
' distant, are the ' Kingstone Hards,' an irregular patch of hard or rocky
' bottom, having an area of two or three miles.

'JjLastwards from Gullane-ness on the south side, and from Chapel-ness
' on the north side, the coast becomes more rocky or gravelly, and the
' littoral of both sides has been long known as favourite spawning-grounds
' of the herring. In recent years, however, herrings have become less

' abundant on these grounds. On the southern side, the ' Craigleith

'

' banks or grounds have been deserted by the herring ; and on the
' northern side similar instances of desertion have occurred. In the
' ' Traith,' ofl* St Monans and Anstruther, between Crail and the May,
' and on the hard ground around the May ; and also on the ' Cove ' bank,

'six miles eastwards from Dunbar, herrings continue to reappear from
' time to time for spawning purposes. The sloping banks of the lower
* estuary are fertile fishing-grounds for all kinds of fish, includiiig haddocks
' and whitings. With the exception of skate, few fish are found to resort

' to the deeper central waters of the channel. On the stretches of sandy
' ])ott()m at Largo, at Aberlady, and elsewhere, flounders and plaice are
' usually found to be plentiful. Around, and in the neighbourhood of
' the Island of May, the grounds and banks have been long famed for
' llieir productiveness, and all kinds of sea fish are found there in abund-
* ance. Beyond the May, and extending for fifty or a hundred miles
* eastwards, rich fishing-grounds are found, while the bottom is singularly
* clear of any serious obstructions to impede fishing operations. The
' famous herring fishing-ground, the ' White Spat ' (with an extent of about
' five miles N. and S. by four E. and W.), from which thousands of crans of
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* herring have been taken, lies about thirty-three miles distant E.N.E.
* from May Island. Herring spawn here in summer. Distant from' the

'May about eighteen miles E. by S., the north end of the 'Mar' bank
' begins, and it extends towards the south-east for fully eight miles, with
* about three miles in breadth. About six miles distant S.S.W. from
' ' Mar' bank lies ' Presmannan Hard,' extending for about seven miles in

' an east north-easterly direction, with a breadth of about one mile ; and
' about four miles south-east of * Presmannan ' is found the ' Pelder Hard,*
* which extends east north-eastward for six or seven miles. The ' Ber-

'wick' bank, an excellent fishing-ground for herrings and all other
* kinds of fish, is found distant E.S.E. thirty-five miles from the May, and
' extends fully ten miles north-west and south-east, with an average
' breadth of about eight miles.

' Besides these larger banks there are numerous smaller reefs or gravelly
' hards, with sandy patches lying between, all of which are more or less

* rich and fertile.'

Haddock fishing by Fifeshire yawls is general over all the Firth of

Forth to a few miles outside May Island, and by St Andrews fishermen

in larger boats between the Bell Kock and May Island eastwards. There

has not been any offshore haddock fishing (from 30 to 70 miles out) of

any importance during the last eight years. Herrings spawn in winter

(February) at several places off the coast, especially around May Island

and between Fife Ness and the May ('Hirst'). Nineteen or twenty

miles east of May Island the herrings spawn in summer at a bank named
the ' First Reef,' which is also an excellent fishing-ground for cod. Seven-

teen or eighteen miles further eastward lies the ' Second Reef,' where
herrings also spawn in summer, i.e. at a distance of about 35 miles from
the nearest shore. From April to June there are excellent cod-fishing

grounds from 100 to 200 miles east and north-east of May Island. In
winter cod are abundant in the neighbourhood of May Island. In this

district there are several deserted spawning-grounds of the herring. One,

referred to above, famous in the herring fisheries of the Forth, was the
' Traith,' lying off Pittenweem, where the herring shoals spawned in

summer. Another, situated on the north side of Fife Ness, was named
' Auld Hakes.' Herrings used to spawn here in summer, but they do
not do so now.

The fishing-grounds off the coast of Forfarshire correspond with those

described above, viz., the ' Second Reef,' running in a north-easterly direc-

tion and lying about 26 or 27 miles off the coast ; the * Mars Reef,' about

25 miles off, a limited area of about 5 square miles in extent, where the

herring spawns ; about 20 miles off' the ' White Spat ' and the ' Shauld-

water.' The fishing-grounds nearer shore are the 'Cairn,* referred to

under Stonehaven district ; the ' South Deep,' about 8 miles off Montrose;
the ' Castleness,' ' Black Spat,' and ' Turin-land,' all within 6 or 7 miles

off the shore at Lunan Bay ; and the ' Hills,' about 6 miles off Arbroath.

Haddocks are fished for at these latter places, but it does not appear that

the herring spawns there.

The inshore fishing-grounds off the Kincardineshire coast are of varied

character ; in the southern part tlie bottom is rocky, and in the northern

part it is formed of areas of sand and gravel with intervening lidges, the

principal ridges having local names applied to them. The one nearest

the shore, about 2 miles off, is called ' Mid-ground ;' the next, about 4

miles off, is called ' Kind-shot ;' a mile or two further out is the ' Saft-

yird ;' then comes the ' Hard-yird ' and the ' Cairn ;' and about 11 miles

off the ' Buckie-yird ' and the ' Cowieman's hard-yird.' About 15 miles

off lies the ' In-Shaul,' where haddocks are abundant ; a few miles farther



of the Fishery Board for Scotland. 181

off lies the ' Out-shaul and at 25 miles off the * Bank.' The deeper

areas between these various fishing-banks have also local names. At all

these grounds haddocks, whitings, and cod are caught in abundance. The
herring spawns on the * Mid-ground/ within 3 miles from shore, and also

on most of the other banks up to a distance of 30 miles.

About twenty-five miles south-east of Aberdeen are turbot, plaice, and
haddock grounds. At a distance of thirty miles lies ' Mars Bank,' a well-

known herring spawning-ground. Other grounds for turbot, plaice, and
other flat-fish extend as far out as fifty or sixty miles, and herrings spawn
here, fifty miles from the shore. Somewhat parallel to the shore, in a

northerly direction, runs the ' Bennachie ' herring and haddock spawning
and fishing bank. The fishing-grounds off the coast of Aberdeenshire

have been very fully and carefully described by Mr Robert Duthie,

lately assistant officer at Peterhead; but want of space prevents

anything but an outline being given here. About six miles south-east from
Old Castle of Slains lies a spot of hard ground much frequented by cod,

and known as the 'Castle-hard from the shores at this part of the coast

seawards for nine miles a good many flat-fish of all kinds are met with

—

large quantities of flounders, but chiefly plaice and a few turbot, being

got on the sand ; while the hard bottom is most frequented by halibut,

cod, ling, and congers, and in the spawning season by large shoals of

haddocks. At Peterhead and Boddam the shore for about half a mile off

is rocky, yielding chiefly rock-cod and congers ; this is succeeded by soft

ground for about three and a half miles, which forms the principal inshore

fishing-ground of the Peterhead and Boddam fishermen, being frequented

by haddocks, cod, whitings, &c., by flat-fish, and by shoals of herrings.

Further out the bottom becomes rocky for over three miles, and then at a

distance of seven or eight miles the ' Smooth ' is reached, which extends

seav/ards for about five miles. Local crews work here all the year round,

the depth sinking to nearly 50 fathoms. The bottom is soft and clean,

and used to be covered with algae and crustacea, but the fishermen com-
plain that it is now swept almost entirely clean by beam-trawlers. This

used to be the principal haddock fishing-ground at this part of the coast,

but of late years, although it is visited by shoals of haddocks, they do not

stay on the ground, as they used to do, and few are caught. The reason

assigned is the destruction of their food and the disturbing influence of

the trawls. Herrings in vast shoals frequent the inner and outer slopes

of this ground in the spawning season. Proceeding further E.S.E., hard

ground, locally known as the ' Coral,' is again encountered, which is fre-

quented by herrings and by haddocks in winter. Further out is the
* Buchan Deep/ a sea-valley with a muddy bottom, extending seawards

some six miles, and varying in depth from 54 to 70 fathoms. Skate,

ling, and haddocks, but few cod, are found here. A little over twenty

miles from land the water gets shallower—33 to 46 fathoms; and this

bank extends seaward^^ to about eighty miles E.S.E. from Buchan Ness.

It is known generally as the 'Long Forties.' Still further out lies the

gulley between the ' Long Forties ' and the Groat Fisher Bank. Its

slopes are covered with stones, shells, and a variety of marine algae
;
cod,

ling, ;ind halibut used to abound here, but halibut are scarcer of late.

Cod are the principal lish caught on the Great Fisher Bank, but halibut

used to be abundant. A little over seventy miles E. by S. from Peter-

head lies the ' Monrich Bank,' in 46 fathoms. The sides of the gulley

between the 'Monrich' and the Great Fisher Bend form tho chief fishing

ground of the Peterhead deep-sea crews during spring and summer.

When these grounds were first tapped by them, enormous hauls were ob-

tained. On one occasion X60 worth of* fish were hauled here on eleven
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Hues, and on one of these (420 fathoms long, with 120 hooks) only five

empty hooks were found. Such takes are never got now. Where a ton

of halibut used to be a common haul, very few are now got. Fleets of

trawlers work regularly on the adjacent banks, as many as thirty having

been counted on the Long Forties in a single morning. Mr Dutliie gives

incidentally a very interesting statement as to the existence of a halibut
' nursery,' at a distance of over ninety miles E. by S. from Peterhead.

In 1883 a fleet of nets filled with herrings sank. On being hauhd
they were found to contain hundreds of young halibut, about 4 inches

in length ; and when the crew worked their lines on the spot, at one haul

they had 150 halibut, weighing about 30 cwt. Similar takes of halibut

were once common along the edge of the Great Fisher Bank.

2. The Moray Firth and North Coast.

The Moray Firth has been long famous for its excellent fishing-grounds,

both inshore and off'shore. The whole of the Firth may be said to be

fishing-ground, more or less prolific, for skate, herring, cod, ling, and
haddocks. As is shown in the chart, herrings spawn in various parts of

the Firth, often close to the shore, and plaice, haddocks, cod, and other

fish spawn in the offshore waters, especially at the well-known Smith
Bank, where the ' Garland ' has carried on a number of important investi-

gations. Some thirteen miles north from Troup Head there is a good
spawning-ground for herrings and haddocks. About forty-five or fifty

years ago the fishing-ground between Fraserburgh and Rosehearty was
considered to be the best in the district, and, indeed, it was the first

herring field ever reaped by the Fraserburgh fishermen. The bank, or
' shallow,' lies a little over three miles from Sandhaven, extending from
Kinnaird Head to Rosehearty, and it is a favourite resort of herring

shoals at spawning-time. No ground in the Moray Firth has such
attraction for the herring as the ' Broadsea Shallow they often spawn
within a quarter of a mile of the shore. Lobster-creels have been covered

with herring spawn within 200 yards of Sandhaven Pier. The spawning
season is about the 20th August. Herrings also spawn on the Rosehearty

shoals, some seven miles north, the ' Shaw,' and the ' Moss Cowie,' which
lies some fourteen miles from Rosehearty, and where cod, ling, and
haddocks are also obtained. Five miles north-east from Kinnaird Head
there is a good fishing for cod, herrings, and haddocks, and twenty-five

miles off" there is good spawning-ground. Off Wick there are excellent

herring fishing-grounds, and on the North Coast there are productive

grounds for herring, cod, ling, skate and halibut, for flat-fish, and for

haddocks.

3. The Orkney and Shetland Isles.

The principal fishing-banks lying off these islands are shown on the

chart. In Orkney there are few banks accurately known. Surrounding

the islands from Hoy to Copinshay there is an extensive bank, the

nearest edge of which is sixteen, and the outer edge from fifty to sixty

miles off. Inside and outside this extensive bank a good cod and ling

fishing is carried on, but on the bank itself only a few cod of poor quality

can be obtained. The chief spawning-ground for herring is between

Start Point, Sanday, and the island of Copinshay, from one to seven

miles off*. Off the Shetland coasts there are extensive fishing-grounds for

herring, cod, ling, tusk, saithe, halibut <fec. Saithe are caught around
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Simburgh Head and in the north around the north of Unst. At various

places between the islands haddocks are got in considerable numbers. Ten
years ago halibut were very plentiful all round the Shetland Isles—so

plentiful that it is stated they occasionally came to the piers and ate the

herring offal thrown into the water during the curing season. But now
halibut are getting scarce on almost all the grounds.
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III.—ON THE SUITABILITY OF SCOTTISH WATERS FOR
OYSTER CULTURE. By J. H. Fullarton, M.A., D.Sc, F.R.S.E.

WEST COAST LOCHS.

1. Introductory.

The subject of oyster culture has been engaging the attention of

the fishery authorities of various nations, and in European countries,

France and Holland, culture has got beyond the experimental stage, and
is now established, both from a scientific and financial point of view,

on a firm basis. In a previous report to the Board,* I dealt with

oyster culture in France and Holland, and have shown how measures were

adopted to arrest the decline of the oyster fishery, how artificial culture

was promoted on a large scale to augment the stock on the depleted

oyster grounds, and how thereby the revenues of those Governments and
the earnings of the people were immensely increased. In Scotland it can

hardly be said that the oyster industry exists. If it does exist at all, it

is only in the earliest initiatory stage. It seems as if it were merely a

groping after oyster culture, and that, too, on a minimum scale. Oyster
culture, so far at least as our country is concerned, is in the future, but
tokens of encouragement are not awanting to the ostreiculturist in our

northern country. While we cannot boast of the high temperature during

the wnvm summer months which is exhibited in such an oyster-producing

basin as the Bay of Arcachon, or even in the shallow East Schelde, nor

predict such a vigorous production of spat, yet the equable temperature

of our western waters, and the production of abundant food forms, are

factors which will tell in the attempt to grow and fatten, if not to breed,

young oysters.

In a paper on the ' Oyster Fishery of Scotland,'! I have compared the

past condition of our Scottish oyster fishery, especially at the end of last

century, as narrated in Sir J. Sinclair's statistical account, with the

present state of the oystery fishery, in so far as that can be learned from
the statistics of the oyster fisheries. In my paper it is shown that at

various points immense quantities of oysters could be obtained a century

ago where now it is with difficulty that a dozen can be fished, and that

while oysters could be then bought for 4d., 5d., 6d., and 7d. per hundred,

they now cost 2d. or 3d. each. The story of the Scottish oyster-beds

is one showing a lamentable want of foresight on the part of a com-

paratively provident people. The beds have been depleted and destroyed

for the sake of immediate gain, and with a reckless disregard of the

future of the oyster fishery of our country.

With a view of ascertaining the present condition of some of the lochs

of the west of Scotland, and their suitability for oyster culture, I was
directed by the Board last summer (in accordance with the Scheme
of Scientific Investigations) to visit the chief inlets of the southern

half of the West Coast, and was conveyed to these by the Board's fishery

steamer 'Garland,' w^hich is admirably fitted for the purpose of navi-

gating these narrow waters ; and I have to thank Captain Simpson and

* Seventh Annual Report of the Fishery Boardfor Scotland.

t Transactions of the Philosophical Society of Glasgow, Sess. 1890-91.
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his crew for the assistance which they gave in facilitating my work. The
time at my disposal for the various lochs was so short that the results are

not so complete as one might desiderate, but they may serve as a useful

basis for future investigation. Among the lochs which the ' Garland'

visited, and which were reputed to have furnished oysters in the past,

were Loch Ryan, "West Loch Tarbert (Kintyre), Loch Tarbert (Jura),

Loch Killisport, Loch Swen, Loch Creran, Loch Spelve, Loch Scridain,

Loch-na-Keal, Loch Sunart, Loch Moidart, Loch Aylort, Loch Harport,

Loch Dunvegan, and Loch Greshornish. The results in several were

negative, but probably with a greater amount of time for investigating

these, samples might be obtained, although it can safely be affirmed that

there are very few oysters now present in them.

2. Physical Characters.

{a) Depth, Bottom, ^c.

The lochs or inlets of the West Coast, open for the most part to the

Atlantic, and aSord a great number of refuge harbours, being thus unlike

the eastern seaboard, where the indentations are few and long distances

apart. The West Coast, therefore, provides, at least so far as protection is

concerned, a large number of localities in which oyster-beds would be
sheltered and free from the disturbing influences which were so fatal to

oyster cultivation attempted on a large scale by M. Coste in the Bay of

St Brieuc. It is necessary for the well-being of an oyster-bed that it

should not be in an exposed situation where the disturbing influence of

heavy seas would be felt. Otherwise the wave disturbance which, during

heavy gales, agitates the sandy or muddy bottom of shallow seas will rapidly

silt up and bury the oysters, and even cast them ashore. Among the lochs

in which it has been proposed to undertake oyster cultivation. Loch
Killispoct comes within the category of an exposed loch, where the dis-

turbing influences would be greatly felt over the bulk of it.

Loch Killisport, which, at the entrance, has a depth of 10 fathoms,

shallowing rapidly at the head to half a fathom, is from 4 to 5 miles long,

and is completely exposed to south-west gales. The bottom is composed of

gravel, sand, shells, and nmd, interspersed with rocky ground, and is

suitable enough for oysters, but repeated dredgings failed to disclose any
of these molluscs. The exposed nature, however, of this loch, and the

heavy seas which must run in it give other inlets advantages over it.

Loch Swen is the loch immediately to the north of Loch Killisport., and
like it trends north-east and south-west. It is about 8 miles long. On
the north side are two sheltered arms, viz., Linne ^Ihuirich, and a north-east

arm branching off Loch Swen at the Creek of Tayvallich. The head of

the loch above Tayvallich is known as Sailean M6r, and on the south
side is a branch at Kilmicliael Inverlussa.

(1) Linne Mhuirich, 2 miles in length, has a narrow outlet protected

by Taynisli Island, and is almost completely shut off from Loch Swen.
At low water the bar at the entrance is less than 1 foot dee]>, and only a

small boat can enter it at this state of the tide. The average depth
is about 2 fathoms, the depth ranging from 1 foot to 3 fathoms, with
a small and sudden depression opposite Taynish House of 7 fathoms in

depth. While there is mud near the mouth, sand and stones were found
near the shore.

(2) Tayvallich Creek is almost landlocked, the narrow entrance to it
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being blocked with a large rock in the middle. The depth varies from
1 foot to 2J fathoms, with 6 fathoms immediately inside the islet.

(3) Korth-east arm. This is about the same length as Linne Mhuirich,
but its area is only about half that of the latter. Its long and narrow
neck has a depth of 1 to 2 fathoms, and inside the depth ranges from \ to

6 fathoms. It is a protected stretch of water.

(4) Sailean Mor, or the head of the loch, is exposed to south-west and
west-south-Avest winds. The bottom, which is chiefly muddy, attains a

depth of as much as 13 fathoms ; like Loch Killisport, the disadvantage

of south-westerly gales makes this portion of the loch unsuitable.

(5) Kilmichael Inverlussa Bay, is sheltered from the prevailing

south-west winds by Eilean Lon. About half the length of Linne
Mhuirich, it has a greater breadth and depth. Inside Eilean Lon there is

13 fathoms, but at the upper end the water is about 3 fathoms deep, and
very shallow at Achnamara. The bottom opposite the manse is of mud.
Of the branches of Loch Swen the most promising is Linne Mhuirich,

and there I obtained abundance of oysters in water 6 to 12 inches deep
at low water.

West Loch Tarhe7% in Kintyre, is 8 miles long, and is almost for its

whole length protected from south-west and other winds. It is a very

shallow loch, with a very small rise of tide, 1 to 4 feet, but the tides are

very irregular. It trends east-north-east, opening to the westward. The
average depth is a little over 3 fathoms, the 5-fathom line only ex-

tending up half the length of the loch to opposite Whitehouse. The
bottom is of shells, shingle, sand, and mud. There are several awash
rocks and islets. From Carrick Point, a little way below the steamboat

pier, to Kilnacraig the loch is held by Messrs Hay & Co. under a Fishery

Order granted in 1888. This is all in the upper half of the loch, and at

Rhu the lessees have built a small pond with a bottom of sand, in which
Arenicola casts are thrown up. On the east side of Corran Point the

ground is made up of shelly sand, with Zostera marina in abundance. At
this place, opposite Loup, the tide ebbs for nearly one-third of a mile,

leaving a bare sandy beach. The central depression of the loch is filled

with mud, as also is the head of the loch, and sand and mud are found

over the whole extent of Hay's Bed. West Loch Tarbert physically is

one of the most suitable localities foi* rearing oysters.

Loch Ryan runs north and south, opens to the north, and is about 7

miles long. The loch is open and exposed below^ Cairn Eyan, which is

situated nearly midway from the mouth. The Spit is a bank running up

the loch from the Scar of Kirkholm Point, nearly opposite the lighthouse

of Cairn Ryan. At low w^ater The Spit is 6 feet high in the middle, and

protects the bay opposite Kirkholm, known as The Wig. The upper

half, therefore, of the loch is well protected, and, except at Cairn Pool,

does not exceed a depth of 5 fathoms at low springs ; the average depth

is a little over 2 fathoms. So far, therefore, as regards depth of water

and sheltered situation. Loch Ryan is admirably fitted for oyster culture.

Sand predominates on the bottom, intermixed with mud and gravel, the

whole presenting a sufficiently hard stratum for oysters to rest on. It is

regularly fished for oysters by Sir William Wallace of Cairn Ryan, who
employs three smacks in dredging and in transferring oysters from the

Rosebank and Lochnoll side to the opposite or Wig shore. In the Loch

I got plenty of oysters.

Loch Tarhert {Jura) is 3 to 4 miles long, and opens to the west-north-

west. The loch is exposed at the mouth, but Gleann Righ Islands are a

partial protection to the two baylets of Gleann Righ Mor and Gleann

Righ Beag. Above Gleann Righ Beag the fairway is very narrow, and

the upper part is protected by numerous rocks and islets. A charac-
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teristic feature of the land, both on the north and south sides of the loch,

is the accumulations of stones, gravel, and sand constituting the raised

beaches, one of which, on the south side, is 42 feet above the level of the

sea. At the upper anchorage on the north side, and opposite this high

raised beach, I obtained specimens of oysters in water about 5 fathoms

deep. Between Gleann Righ Beag and Cumhainu M6r the average

depth is 3 to 4 fathoms, but in the latter basin the water quickly deepens

to 16 fathoms. While the area of this Jura loch is restricted, it has

produced oysters in the past, and can produce them in the future. The
bottom shows, besides rocks, a varied composition of mud, sand, shells,

and gravel.

Loch Creran, to the north of Loch Etive, is about 6 miles long from

the island of Eriskay to the head, and is divided into two basins by the

narrows at Crigan, the portion of the loch above this being nearly 2 miles

in length. There are three central depressions in the loch—one above

Crigan Narrows, 12 to 17 fathoms deep; one opposite Ru Aird-nan-clach,

10 to 13 fathoms; and one extending from above Shian to above Rudha
Garbh, which at one spot is 27 fathoms deep. The average depth of

the upper half of the basin below Crigan Narrows is about 8 fathoms,

and it does not differ much from this in the upper loch, but there is a

shallow belt along both shores of the loch. Mud abounds in the deepest

parts, but there are sand, gravel, and shells shorewards. This loch is

quite protected, and the most complete and careful experiments in oyster

culture ever made in Scotland were conducted in this loch by Mr Anderson
Smith.

Loch Spelve, in the south-east of Mull, opens to the east-south-east, and
has a narrow and shallow entrance. There are two arms to the loch, the

northern having a depth of about 14 fathoms at the mouth and about 8

fathoms in the centre, shallowing to 4 and 2 fathoms close to the shore.

The southern arm, on the other hand, is deeper, and the shallow belt

along the shore is very narrow. Mud abounds on the bottom of this loch

in both arms.

Loch-na-Kealj Mull, opens to the westward, and is about 6 miles long.

It is protected partially by Ulva and Inchkenneth at the mouth, and the

island of Eorsa, nearly half way up, forms a barrier against the Atlantic

swell. Above Eorsa the greatest depth is 12 or 13 fathoms, except for a

small distance along the north shore, where a sudden depth of 19 fathoms
interrupts. The 10-fathom line extends more than half way between Eorsa
and the head of the loch, but above this the average depth is about 6

fathoms, the loch very gradually shallowing shorewards. The ground in

this latter part is chiefly sand and shells, and in the lower reaches of the

loch mud abounds. On the south side of the loch, opposite Bein Greig,

numerous rocks and skeirs abound, as also is the case in the neighbour-
hood of Inchkenneth, inside of which is a deep depression reaching to

14 fathoms.

Loch Scridaiuj Mull, also opens to the westward, and is about 6 miles

long. It is open and exposed to west winds, and it is a deep loch, the

20-fathom line extending as high up as Kilfinichen Bay, within 2 miles of

the head of the loch. The 10-fathom line goes more than half the distance

from Kilfinichen towards the head of the loch. This central depression

in the loch extends across more than half the breadth of the loch. At the

head of the loch there is a small loch called Loch Beag, about half a mile
in length and one-third mile in breadth. This is the highest part of Loch
Scridain, and the depth of it does not average above 1 fathom. Mud
abounds, especially in the deeper parts of the loch, but sand and rocks are

plentiful shorewards.
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Lochs Moidart and Aylort are two small lochs on the mainland to the

north of Ardnamurchan Point, both opening towards the west. The
depth of Loch Moidart is very irregular ; while the loch as a whole is

comparatively shallow, at places even high up the loch there are deep

clefts, e.g.^ above Eilean Riasga there is a sudden depth of 9 fathoms,

while the bottom round about is only a few fathoms. In these deep
depressions there is generally an accumulation of mud, but the bottom is

chiefly of a sandy nature. The entrance is a very narrow and complicated

one. Loch Aylort, on the other hand, is a loch which it is easy to enter.

It is protected by Eilean Gobhar, and the average depth immediately

inside the islaud is about 3 fathoms, but the upper part seems to be a deep
ravine at one place, with a depth of 26 fathoms of water. The bottom of

the lower part of the loch is comparatively clean, but that of the upper
part is Hke Loch Moidart, clothed with a vigorous growth of sea-weed.

Loch Harport, Skye, is the southern arm of Loch Bracadale, and is

completely sheltered from the heavy seas which run in other parts of

Loch Bracadale during south-west winds. Its average depth is above 10
fathoms, but above Carbost the greatest depth is 7 fathoms, and at the

head of the loch the shore dries for upwards of half a mile outwards. The
loch is muddy throughout, and in places the mud is very soft.

Loch Greshornish^ Skye, is an arm of Loch Snizort, running south-west

and north-east, the opening being in the latter direction. Its average

depth is about 7 fathoms, and its bottom is of peaty mud, the oysters

obtained in it being stunted and poor.

{h) Density and Temperature Observations.

The observations on temperature and density which have hitherto been

taken on the West Coast are few in number. Till some months ago, the

oidy systematic observations taken in West Coast waters that I know of

were those for an Irish Commission on Oyster Fisheries in 1869 at

Ardrossan and Port Patrick, at neither of which places were there oyster-

beds, nor are there ever likely to be. Now, however, daily temperatures are

being taken at the two places in Scotland which yield the greatest number
of oysters, viz., at West Loch Tarbert and at Loch Byan. A record of the

sea temperatures at these places, extending over some years, and a com-

parison of the temperatures of one year with those of others, and of the

temperatures taken at different places, will be instructive, and will help

us to arrive at something more than merely vague opinion as to whether

oyster-spat can be obtained in abundance, so far as conditions of tempera-

ture are concerned. Continental experiences postulates a temperature of

65° to 72° Fahr. for the spatting and fixing of the brood of French and
Dutch oysters. Whether the same high temperature is necessary in the

case of the Scottish native oysters has not yet been decided. In any
inquiry into this question of temperature, its relation to reproduction

should be examined, and it should be further noted to what extent a high

temperature shortens the pelagic existence of the oyster embryo, and what
is the effect of temperature on the first embryonal and fixed forms.

The observations on the ' Garland ' were taken last year between 5th

June and 12th July, a period which was characterised by more than the

usual amount of stormy weather. The density observations at selected

places were :

—
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Date. Hour.

June 5.

„ 7.

» 9.

„ 10.

„ 11.

„ 13.

„ 14.

„ 16.

17.

„ 19.

„ 20.

„ 21.

„ 26.

27.

July 8.

„ 11.

12.

10 45 a.m.

3 0 p.m.
0 a.m.

0 p.m.
0

0 a.m.

30 p.m.
30 a.m.
0 p.m.
0 „
0 a.m.

30 p.m.
0 a.m.

30 p.m.
9 0 a.m.

3 0 p.m.

10 15 a.m.

9 0 „
0 p.m.
0 a.m.
0 p.m.

50 „
30 a.m.

9 30 „
5 0 p.m.
9 45 a.m.

10 45 „
12 40 p.m.

1 10 „

Places.

Loch Creran,

>> >>

,, Spelve, N., .

*> >» S.j,

.

>, »> S.i, .

, ,
Sunart,

Scridain,

,, -na-Keal, .

Moidart,

Aylort,

,, Harport,

Vattin,

Dunvegan, .

,, GreshOrnish,

Snizort,

,
, Tarbert (Jura)

Gruinart,

Lochindaal, .

Loch Ryan, S., .

Mid.,

West L. Tarbert, E.,

W
Loch Killisport, E.

,

W
Swen, E., .

„ „ S.E.,

Surface.

Sp. Gr.
1018-2
1019-6
1025-3
1026-6
1025-1
1025-1

1025-7
1024- 1
1025-8
1027- 1

1027 0

1027-2
1024-5
1026-0
1026-7
1027-7
1027-3

1027-9
1027-4
1027-2
1026-7
1026-0
1026-1
1025-6
1025-9
1027-3
1027-3
1026-7
1026-4

° C
11-5

13-9

10-0

10-0
11-3
10-9
11-1

13-7

12-0
10-6
12-1

12-2

11-9
12-0
12-15
10-9
11-3
11-0

13-3
11-6

13-8
14-7
14-2

13- 7
14-0
11-4

11-3

13-4

13-7

Bottom.

Sp. Gr.

1026-2
1026-0

1026-05
1026-8
1026-7
1026-3
1027-2
1027-0
1027-1

1027-2

1027-3
1027-3
10-27 -1

1027-6
1027-5
1027-8
1027-8
1027-9
1027-1
1027-2
1027-0
1026-2

1026-3
1025-9
1026-9
1027-4

1C27-5
1026-8

1027 -2

°C
11-5

11-7

10-1

10-1
11-2
10-9
11-6
11-7

11-9

n-0
12-3
12-4

11-8

11-7
12-6
11-4

11-4

11-05
12-4
11-35
13-10
14-5
14-2

13-7

12-8
11-2

11-0
13-2
12-0

Depth.

Faths.

Sh
7

7

7

7

20

4i

H
7

7

4i

4

45

7

H
3

3

6

n
H

12
8

6

Many of these lochs are nearly as salt as the ocean. The surface

densities observed in Locli Creran were taken after an abnormally heavy

rainfall, and can scarcely be viewed as normal. The water was so

fresh on the surface that there was an entire absence of marine pelagic

forms in that zone, the tow-net only showing coniferous spines and
other portions of plants. These observations excepted, in only other

four instances did the specific gravity observations of surface water fall

below 1025-0. In Loch Scridain, in the neighbourhood of Kilfinichen

Bay, and in Loch Sunart, opposite Borrodale, the density recorded was
1024-1 ; but in the latter this was after the admixture of rain. At
Loch Harport, too, opposite Carbost Distillery, the low specific gravity,

1024*5, was due to the rainfall augmenting the volume of the stream

which there empties itself into the loch. At Tobermory, the specific

gravity opposite the pier was as low as 1024-8.

While these were the lowest specific gravity observations, the highest

was recorded 3 miles to the west of the island of Rum, where the

surface showed a density of 1028 2. All the others, both at surface

and bottom, were under 1028*0. The surface densities of 1027-0 and
upwards, in addition to those mentioned, were 1027*5 in Canna Harbour,
1027-5 in Laig Bay, Eigg, and 1027-0 off Gometra, with Stalfa bearing

south-west. Rome, therefore, of these lochs during a part of the summer of

1890 were as salt as the neighbouring open sea. Lochs Aylort, Harport,

Greshornish, and vSnizort, north of Ardnaraurchan, and Loch Tarbert in

Jura, Loch Killisport in Argyleshire, and Loch Gruinart in Islay, are

included in this number. In all of these, the communication with the

oceanic waters wfis direct, and the water of eacli loch was readily renewed
from the ocean. Loch Snizort might bo described as a p(U*tion of the

Minch, and Loch Greshornish opens into Loch Snizort. Lochs Aylort,
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Tarbert (Jura), Gruinart (Islay), and Killisport are short lochs, and
permit very readily of an interchange of water with the neighbouring

open sea. Wherever the entrance to the lochs was narrow and long,

the surface density was lower, and especially was this the case where
the loch receives land water from a large drainage area.

There is less variation in the bottom densities ; but here, again, another

factor in addition must be taken into consideration, viz., the depth of

the loch in question. Wherever the Ibch is shallow, the tendency,

according to the laws of diffusion, is naturally for the bottom density

to approximate to that of the surface. The only instance in which I

found the density of the bottom water less than the surface was in the

case of Rum (3 miles westwards), where water taken from 47 fathoms

was of slightly less specific gravity than surface water. The average of

the bottom densities is nearly 27. These observations were taken by the

system in use at the Board's regular observing Stations and at the Kiel

Stations of the German Government.

Temperature observations were taken by the reversing thermometers

in ordinary use on board the 'Garland,' and these indicate the actual

temperatures of the water 18 inches below the surface and 2 or 3

feet above the bottom. Where they differ from the temperature at

which the specific gravity observations were determined, this difference

is due to the rise of temperature which almost invariably takes place

between the time when the water is withdrawn from its place in the sea

and the reading of the hydrometer. The following are the temperatures

for the lochs of which the densities are previously given (the dates being

the same and the time approximately so) :

—

Temp, of Sea.

Depth. Temp, of Air. Transparency.

Surface. Bottom.

° C. °C. Fathoms. " Fahr. Fathoms.
Loch Creran, .

11-2 10-1 8^ 54-3 2

>»»>•• 11-6 10-5 7 55 2i
,, Spelve, N., . 10 9-8 7 53 H
>) n S.j, . 10 9-5 7 58 2i

10-8 10-2 7 57 3|
10-6 9-8 20 63 8i

,, Sunart, .
11-1 10-1 8 62-5

Scridain, 12-9 10-7 9 61 3

-na-Keal, 12-25 10-75 4i 57-5

,, Moidart, 107 10-5 4i 56-5 4^
Aylort, .

10-8 10-8 2 65 Bottom.

,,
Harport, 11-7 11-3 7 60 H

11-8 11-7 7 54 5

\\ Vattin, .
11-7 11-6 4i 54-25 4i

,, Dimvegan, 11-5 11-1 56 3^
Greshoriiish, .

10-5 10-8 3 56 Bottom.

>) »>
10-8 10-8 4 58 3

Snizort,

Tarbert (Jura),

10-5 10-4 45 55-8 6i
13-2 13-6 7 56 3i

3Gruinart, 1T25 11-25 H 54-75

Lochiudaal, . 13 12-8 3i 55 Bottom.

Loch Kyan, S., 14-7 14-5 3 52 Bottom.

„ Mid, . 14-2 14-1 6 55 2

West L. Tarbert, E., 13-8 13-7 2i 59-5 Bottom.

„ w., 14-1 12 13i 58 5

Loch Killisport, E., 11-3 11-3 H 53 Bottom.
W.. 11-3 10-9 12 49 6

„ Swen, E., 13-7 12 8 51 4i

M »j S.E., . 13-8 11-8 6 51 4



of the Fishery Board for Scotland. 191

The warmest water which I found was at West Loch Tarbert, where, in

Messrs Hay & Co.'s pond, the temperature was 16°'75 C. at 5 p.m. on

11th July. At Linne Mhuirich on the following day the temperature near

the shore, 2 feet deep, was 14° '7 C, and in the middle, opposite Captain

Campbell's house, at a depth of 3 fathoms the surface was 14° "4 C, and

the bottom, 14° '6 C. The highest temperatures were exhibited by West
Loch Tarbert, Loch Ryan, Loch Swen, and Loch Tarbert (Jura), but in

all this it must be borne in mind that the temperatures were taken on

different dates. AVhen at Loch Ryan and West Loch Tarbert 1 initiated

arrangements for the temperatures being taken daily at fixed positions,

and these will prove valuable in showing the temperatures of these two

oyster-beds.

3. Biological Characters.

In dealing with biological conditions it may be as well to distinguish

those lochs in which I obtained living oysters from thqse in which only

the shells of dead oysters could be obtained. The lochs already mentioned,

with the exception of Lochs Scridain, Moidart, Aylort, and Harport, fur-

nished livingi' oysters ; but no doubt with a greater amount of time at my
disposal it might have been possible even in these, particularly Lochs
Scridain and Harport, to find some living example of former oyster-beds.

From Loch Dunvegan Mr Johnston of Cumberland kindly forwarded to

me examples of rock oysters. At this point it may be noticed that most
of our Highland lochs can furnish 'rock' oysters, i.e.^ oysters taken from

the rocks on the foreshores—but as these are so few in number, and may
exist where it would be impracticable to form oyster-beds, in any investi-

gation they can be left out of account. In Lochs Moidart and Aylort, in

each of which I dredged several times, it was almost impossible for the

dredge to go more than a yard or two without becoming filled with the

enormous prolific growth of Ectocarpus and other sea-weeds. These two
lochs may come under the description of very ' dirty ' lochs, where, before

shell-fish culture of any kind is essayed, it would be necessary to clean

the bottom. To do this, tons upon tons of sea-weed would have to be

removed. There are many long narrow inlets in the Outer Hebrides

where there is the same vigorous growth of sea-weed covering the bottom.

In the autumn months of the year the bottom is entirely hidden by this

growth, and it is only on the continuation of wintry weather that the

bottom becomes comparatively freed from this covering. Of course it may
be answered that for oyster culture it is necessary to keep the beds clean.

This is quite true ; but the expense of keeping such bottoms as those of

Lochs Moidart and Aylort free from this deleterious growth is much
greater than is the case in lochs which are naturally cleaner. Notwith-
standing, the occurrence of Zostera marina shows that the bottom is

such that it would not be difhcult to keep it clean when the algie

were completely removed. A not uncommon fallacy prevails in this

country that oyster culture is so comparatively simple that after oysters

are planted the beds can be left to take care of themselves. This is on a
parallel with land cultivation, where, stating a like fallacy, it might be
said potatoes and turnips only require to be placed in the ground and left

to take care of themselves, in order that they may yiehl an abundant and
profitable crop, not in one year only, but during successive years. Scien-

tific oyster culture, like scientific agriculture, demands continuous care

and attenti(m.

It will be convenient to treat the inlets visited under two heads—viz.,

(1) Lochs where oyster culture has been attemi)ted and is presently being
carried on ; and (2) lochs where no culture has be»;n tried.



192 Fart HI.—Ninth Annual Report

1. Except Loch Creran, the only two lochs in Scotland which can be

placed under the first head, where any culture has been attempted, or

where attempts have been made either to keep the ground clean or to

destroy the enemies of the oyster, are Loch Ryan and West Loch Tarbert.

Both of these are shallow-water lochs, and are systematically fished by Sir

William Wallace and Messrs Hay & Co. respectively. Both endeavour

to remove the starfish and whelks, which are the chief source of annoy-

ance, and cause the greatest amount of damage to the oysters. The
starfish, by everting its stomach and enveloping the smaller oysters,

contrives, after a time, to suck the animal from the shell. In this manner,

unless the ' Five-lingers' are continually removed from an oyster-bed, they

will soon make havoc with the stock on the bed. The whelks—chiefly

Buccinum and Purpura—bore holes through the oyster shell by means of

the tongue or radula, and extract nutriment from the oyster to the ultimate

destruction of the life of the animal. The same policy should be fol-

lowed with the enemies of the oyster as with the enemies of the mussel.

This consists in digging a ditch on neighbouring land, and burying the

whole in it. At West Loch Tarbert, Messrs Hay & Co. employ iron rings

with netting woven across the circle. On these is placed bait, to consume
which starfish, whelks, and crabs flock. They are lifted daily, and the

contents emptied into the fishermen's boat. At Looh Ryan the beds are

cleaned and cleared of the enemies by dredging with ordinary oyster-

dredges. In this M^ay the enemies as well as the oysters are lifted, the

oysters either being returned immediately or conveyed to other ground,

and the enemies retained for destruction.

The conditions of spatting are so much more favourable to the enemies of

the oyster, that if the number of these is not continually reduced, they will

Boon overrun and deplete a valuable oyster scalp. It is satisfactory to know
that at both places attempts are being made to restore the balance of

nature in favour of the more valuable oyster. As on land, where weeds
are rooted up to give the more valuable plants better scope for development,

so in the water it is as essential to choke off the less useful animal forms

in favour of the more valuable.

In Loch Ryan, off Stranraer, it was easy to obtain quantities of fine

large and healthy oysters. Some of these were as large as 4 inches in

diameter, and the mantle chambers of many were filled with white spat,

i.e., with developing eggs of two or more segmentation spheres, while

fewer contained young that had attained the condition of black spat.

The age of the large oysters at this place was about four years. In each

dredgeful, besides living oysters, dead shells of oysters were numerous

;

and of other molluscs, the numerous occurrence of the false oyster

—

Anomia ephipjnum—was most marked. The way in which the oyster

and Anomia were mixed with one another was noteworthy, Anomia
generally being greatly in excess. Sometimes an oyster shell, sometimes

the shell of Anomia, acted as collector for oysters and Anomice, and it was
not unusual to find a dozen of both attached to one shell and to one
another. Anomia is easily distinguishable from the true oyster by the

mother-of-pearl lustre exhibited by the external surface of its shell, and
by the hole left in the under valve, or by the calcification of the single

adductor mUv'^cle which is left in connection with the under valve when
the valves are separated. Oysters of 1 to 1|- inches were found resting

on Anomia. The oysters found in Loch Ryan were covered abundantly

with Serpvkr, frequently with algse, encrusting and otherwise, very fre-

quently by such encrusting polyzoa as Memhranipora, and less frequeiitly

by barnacles. The bulk of the oysters obtained ranged from one to three

years in age.

While the large oysters which I dredged were obtained high up the loch,
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further down many two to three year old oysters were being lifted opposite

Eosebank and towards Lochnoll Point. These, as Sir W. Wallace's

manager informed me, are transferred to the Wig side. The transference

of oysters in this way follows the same laws as are observed in mussel

culture, where the spat, which is carried seawards and settles there, is

brought back to the better feeding ground, which is less salt and warmer.

It would conduce to the improvement of the Loch Ryan oyster-bed if

the cultivator, after the spat has been liberated from the maternal house,

and while it is spending a pelagic existence, would supply natural col-

lectors in the form of dry and clean cockle and other shells. Much of the

oyster progeny is lost because of the failure of the young to find a resting-

place to which they can solidly cement themselves. All cultivators have

recognised this fact, and in addition to the tiles and other artificial col-

lectors which are placed in the water, the French Government devotes a

sum of money for providing empty and clean shells to act as natural spat

collectors. A similar procedure by the cultivators of Scottish oyster-beds

would be attended by beneficial results, but care would require to be

exercised, so that the deposition of the shells coincided as closely as

possible with the period when the earlier spat was ready to be affixed.

Otherwise a too early placing of the collectors in the water would lead to

the settling upon them of the young of barnacles, polyzoa, and other

animal larvae, and to a development on them of algae. As to the particular

kinds of shells which should be selected, any clean shells would suit. At
Arcachon the shells made use of are largely cockle and periwinkle shells,

but provided they are clean and free from any decaying organic matter,

any gasteropod or bivalve shells would do equally well.

Complaints are made as to the want of protection at Loch Ryan, and
to thefts of oysters from the loch. In France, while watching is under-

taken by the Government officials, these tend chiefly the public beds

while theostreiculturists employ the ordinary fishermen, who work the beds,

to watch them during the night, when thefts are most likely to be com-
mitted. Co-operation on the part of the coastguard and police on the

one side, and of the servants of the proprietor on the other, would retard

robberies. Moreover, the more valuable a property is, the less is the pro-

portionate expense of effective watching, especially in the case of an
oyster-bed. If some millions of oysters were imported yearly into Loch
Ryan to be fattened for the market—and indications in favour of such a

policy are many—effective watching would not add much to the ordinary

expense of working. This is found to be the case in France, where two
workers take one week on board one of the watch boats during the night,

and one or more weeks ashore. In this way the men can do tidal work
during the day, and in alternate weeks take guard duty at ni<;;ht.

In West Loch Tarbert oyster culture on a small scale has been com-
menced. Messrs Hay & Co., whose Fishery Order dates from 1888, farm
the portion of this loch between Carrick Point to the east of Escart Bay
and Kilnacraig. The real business is that of oyster fattening, and as

they are removed and sent to the market they are replaced by native spat,

taken from the lower reaches of the loch and elsewhere. They have about
a million of oysterd in stock, and they have constructed a small pond at

Rhu, in which they have something like four thousand native oysters.

In this pond lh(iy have laid down a number of round tiles, which are not,

however, covered with mortar. These tiles are similar to those from
which the Morhihan ostreiculturists take the haitres d tesxon ; the reason

alleged for the non-coating of the tiles with mortar, according to the

Morbihan oyster farmers, being that the oysters are less liable to bo sue-

fully attacked by crabs. In this pond, as I liave noticed, the temperature
was 16°-75 C. on Uth July, being fully 2° to 3° C. higher than the sur-
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face temperature of the outside water, which was about 2 fathoms deep.

This is interesting, as showing that with shallow ponds it would be

possible to raise by solar heat the temperature of the water, and that, too,

while a constant interchange—slow no doubt—was taking place between

the sea-water inside and that outside of the separating wall. If, at the same
time, with the rise of temperature which would undoubtedly favour the

development of the eggs and embryos, arrangements were made for

retaining the pelagic and fixed forms in water warmer than the surround-

ing sea, a great step in advance would be taken towards the rearing of a

greater quantity of spat in our own waters. In good years, both in

France and Holland, more spat is obtained by ostreiculturists than they

can fatten on their beds. Their superabundance, if transferred to such

Scottish waters as West Loch Tarbert and other suitable fattening grounds,

would develope a new industry of a most promising character as regards

financial returns.

On Messrs Hay's natural oyster-bed oysters of one, two, three, and four

years of age were obtained, of a diameter of from 4J inches downwards.
Below this bed, on the east side of Corran among the Zostera marina,

many young and half-grown oysters were dredged from the >shelly sand.

Xaturally this is a good place for the fixation of tlie spat. Large numbers
were obtained on old oyster shells, on living oysters, and even on stones of

micaceous schist. On one Cardium shell there were a score in a cluster

J to
1
J inches in diameter. Shells of Venus, Madra, Anomia, and pieces

of tile were also covered with young and vigorous oysters. The quantities

of Anomia found in West Loch Tarbert were much less tlian in Loch
Ryan.
Amongst all the oysters in West Loch Tarbert one noticeable and

favourable feature was the great development of periostracum (the

outer chitinous covering of the shell). This showed the rapid growth or

progress, and also what was likely to be exhibited during the latter part

of the year. Up till the date of my visit in July all the oysters showed
good growth for 1890. To the oysters were attached Ascidia ynentula,

Mytilus eduUs, Serpulce, and tubicolous worms and barnacles ; and amongst
the zoophytes sucli forms as Hjidralhnannia, Bugula, Antennularia, and
Membranipora were attached to the oyster shells.

Not only were the shells large, but the cubical capacity of the contained

cavity between the valves was great, and the oysters were fat and well

filled. Here, as at Loch Ryan, oysters were found containing spat. In

Loch Ryan the proportion was smaller, and the spat was chiefly in the

early segmentation stage (white spat) ; but in West Loch Tarbert the

spat was chiefly black spat, showing that the oysters in this Loch were in

a much more forward reproductive state than those in Loch Ryan. In

many the young were nearly ready to leave the mother, the shell-valves

being large and covering the organs of the larva.

While Messrs Hay & Co. are conducting their operations in an

intelligent manner, there is still room for a further development on the

uncultivated and unappropriated portion of the loch.

2. Following the lochs where oyster culture has been attempted, there

remain for treatment those in which no culture has been attempted.

Among these it m ly be convenient to deal with Loch Swen, for which an

oyster order has been granted in favour of Colonel Malcolm of Pollalloch

and Captain Campbell of Inverneil.

In Loch Swen proper I did not obtain any oysters, but in that branch

of it known as Liune ]\Ihuirich oysters occurred in great plenty. Opposite

Taynish House on every stone which was lifted one to a dozen oysters

were found. At low water these stones, in water not over 18 inches
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deep, exhibited a profusion of oyster growth that it would be difficult to

match in this country These oysters ranged in age from one to three

years, and the valves were thin and well formed, the development of

periostracLim being good. The shallowness and narrowness of the en-

trance, coupled with the relatively small depth of this arm, are features

favourable for oyster culture. When such a prolific growth of oysters

can take place, where no attempt is made at oyster culture, the applica-

tion of approved methods of culture, both as regards the collection of

spat and the feeding and fattening of oysters, should enhance the value of

Linne Mhuirich as an oyster-producing area.

Loch Tarbert, in Jura, also furnished me with oysters. The description

of the quantities of oysters that this loch could formerly yield 'by barrels'

shows that its condition then was much better than what it is at the

present time. Still it has not been completely bared of its oysters

;

several of a diameter of 5, 4, 3J, and 2 inches were obtained. The
youngest only indicated a growth of one and a half to two years, and was
attached to a valve of Venus linda. The oldest had very thick shells,

were covered with sponges, and were taken from the muddy ground at the

upper anchorage, as set down on the Admiralty chart. The shells were so

thick, and the marks of annular growth so obliterated, that they can only be

described as aged oysters. The organs of reproduction were in a forward

condition, and when punctured the spermatzoa separated freely from the

sperm atophores and the ova from the other ovarian cells. The specimens

with ovaries developed in excess were in the proportion of two to one
where the testes were not developed.

Loch Creran is one of the West Coast inlets where oyster culture has

been tried. The inducements offered by the abundant existence of oysters

in this loch in former times are great^ and in no case ought a fact like

this to be lost sight of in coming to a conclusion as to the suitability or

otherwise of ground for oyster culture. Oysters were obtained last

summer on the north side off Rudha Garbh, and on the south side

opposite Barcaldine. The oysters were mostly aged, and their thick

shells were perforated by holes, either the result of sponge or whelk
borings. The Barcaldine oysters were as much as 4| inches in diameter,

and ranged down to 2J inches. The oysters obtained at Rudha Garbh
were thinner in the shell and smaller. From the build of the shell,

which pointed to the age of the oysters being between two and three

years old, I took these to be descendants of the Morbihan oysters which
Mr Anderson Smith imported and laid down in Loch Creran some years

ago—at least they exhibited the characteristic shape, size, thickness, and
colour of shell of French oysters of the Brittany coast. Most of the Loch
Creran oysters were coated with very old barnacles. In all the Loch Creran

oysters gathered early in June the reproductive products were unripe.

Loch Spelve, in the south of Mull, furnished in its northern arm, from
the muddy bottom, only a few black oyster shells ; but along both shores

of the southern arms I obtained a few rock oysters. Tlicse were gathered

from the foreshore, detaching them from the rocks to which they were

comented. The former abundance of oysters in this loch has stimulated

an interest in oyster culture in this part of Mull, but there are other lochs

in Mull which olfer more promise for oyster culture. The drawback in

the case of Loch Spelve, that is absent in other Mull lochs, is, that it opens
towards tlie east l)y a C()ini)Hratively shallow eti trance, and that the depth
inside is as much us 29 fathoms. The oysters ranged from 4J to 2

inches in diameter, and were for the most part fat and well filled, though
the smaller were thin and not well filled. All of them were unripe, and
of those examined the majority had the female organs at a more advanced
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stage of development, the minority having male reproductive organs at a

somewhat similar stage.

Loch-na-Keal, in my opinion, is undoubtedly the most promising of all

the Mull lochs for oyster culture. My friend, M. Gustave Daste of

Arcachon, informed me that he had examined this loch in 1889, and that

he had formed a good impression as to its capabilities for oyster culture.

The oysters which I dredged in this loch were obtained near the head of

it ou the shingle and sand. I have seldom dredged at any place where
there was such a wealth of large Serpulse and other tubicolous worms, and
the great quantities of the common whelk, Littorina littorea, found on
the gravel at near low-water mark, was a striking feature. Besides the

occurrence of oysters at the head of the loch they are also got in the

inside of Inchkenneth amongst the rocks, which are separated from
one another by sandy and muddy stretches. Here, it is said, they can

be lifted in clear weather by raking, but on my visit this was not found
practicable, as the weather was not so calm as one requires for raking

operations. The oysters obtained were 4J to 3^ inches in diameter, and
they ranged from nearly ripe forms to the stage where it is impossible to

discern whether the reproductive organs will develop at next spatting

period spermatozoa or ova.

Loch Harport is one of the Skye lochs in which oysters are said to

have been found in large quantity, but after repeated hauls of the dredge

I only succeeded in landing a single oyster. Plenty of dead valves were

obtained, some of which were attached to pieces of brick and some to

stones. These were got from a muddy bottom with an admixture of

shingle, but before each dredgeful was hauled on board the dredge was
filled with sea-weed, of which there seemed to be a most prolific growth
on the bottom. The oyster got was small, 2J inches in diameter, imma-
ture, and very thin.

Loch Greshornish, for which an oyster order was once granted to Mr
Jiobertson of Greshornish, but was subsequently withdrawn, furnished a

few very small and poor oysters. It is said that oysters were formerly

plentiful about midway between Edinbane and Greshornish House, but

very few can now be got on the same ground. The oysters were 2

inches in diameter and were immature, the sexual products as such being

quite indistinguishable. The stunted nature of the oysters, the black coat-

ing of the shell, and the poverty of the ground, do not lead one to form

a high o[)inion of the capabilities of the loch as an oyster-producing or

oyster-fattening loch.

Lochs Greshornish and Moidart do not total either such a large number
of genera or of species of lower invertebrates as in the above-mentioned

lochs, while the genera and species of Loch Greshornish exceed those of

Loch Moidart as actually noted. It has to be noted that they were

individually fewer in number, and also that the luxuriant growth of

algse in the latter loch prevented the obtaining of such a fair sample of

the inorganic material of the bottom, as was the case in Loch Greshornish.

In the latter loch the bottom was peaty mud, and the poverty of animal

Hfe struck me most forcibly. Loch Greshornish supplied 31 per cent, of

the genera and 17 per cent, of the species—^Foraminifera and Ostracoda

—

obtained, while the genera and species in Loch Moidart were each 14 per

cent, of the total genera and species. Loch Moidart, as might be expected

from the algous growth, was rich in Copepods, nine genera and fourteen

species being obtained there, whereas in Loch Ryan eight genera and ten

species only were included in the bottom material subjected to examina-

tion by Mr Scott, and in Loch-na-Keal seven genera and nine species of

Copepods occurred along with the Foraminifera and Ostracoda previously

detailed in the lists.

»-
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The following are the detailed results for the diflferent species :

—

TABLE I.—FORAMINIFERA.
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OoTKiiis'piTCi f6liobC60b, (Phillipi), X
Miliolina seminulutn, (Linne), . . . X X X X X X X

suhvotundct, (Mont.), X X X X X

,
S6Cfiiis, (d'Orb.), X X
oblongu, (Mont.), X X
hicoTnis, (W. & J.) ^ X X
tvic/onulUf (Tifini.), . . X
agglutinans, d'Orb., X X
tTico,Tiiicit(ij (d'Orb.), . . X

BiloculinOy elongata, d'Orb. , . X

,, ringens, (Lam.), X
depTBSsd, d'Orb.,

Lagena glohosa, (Mont.),
X
X X

lc6vis, (Mont.), .... X X
stviutd, (d'Orb.), X

,, squamosa, (Mont.), X X
gTacilliina, Sagz., X
distoma, (P. & J.), X
sulcata, W. & J., X X

Ammodiscus gordialis, (P. & J. ), X
Cristcllavia votulata, (Lam.), . . . X
Polymorph i7ia compressa, d'Orh., . X X X

,, depressa, d'Orb., . X

,, ohlonga, d'Orb,, X
SpiToloculiTia planulata. Lam., X

limbata, d'Orb., X X
JffaplophTag7)iiu7ii canavicnsc, (d'Orb. ), X X X
Orb iilina itniversa, d'Ovh., X X X
Textularia variabilis, Will., . X X X X X X X

grarnen, d'Orb., . X
SuliiYiiiicL TYiarginata, d'Orb,, . X X

,, elegans, d'Orb,, X
Virgulina screibseviana, Czgzek. , . X X X
Bolivina punctata, d'Orb.,) X

,, dilatata, (Keuss.),

Oandryina filiformis. Berth,

Discorbina rosacea, d'Orb.,
X X

X X X X
f/'vigeri7ia pyg/ncea, d'Orh., X
Planorbuliiut mcditerranensis, d'Orb,, X
Truncatidina lobulata, Walker, X X X X X X X
Jiotalia becarii, (Linne), X X X X X X X X

,, nitida. Will., ....
Polystomella crispa, (Linne), .

X X X X
X X X X X X X

,, striato-pimctata, F. & M., .

Nonionina sca.pha, F. & M. , .

X X X X X X
X

,, depressula, W. & J.,

,, depressa^ W, & J.,

X X X
X

Reophax scorpiurus, {}AoniL), X
Trochain ilia ocfiracea, {Will. ), X
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TABLE IL—OsTRACODA.

Pontocypris viytiloidcs, (Norman),
trigouella, G. 0. Sars,

Cythere lutea, Miiller,

confusa, B. & N.,
crispata, Brady,
Rohertsoni, Brady,

,, alhomaculata, (Baird),

convexa, Baird, .

navic2ila, (Norman), .

,, villosa, G. 0. Sars,

,, pulchella, Brady,

,, quadridentata, Baird .

tuherculata, (G. 0. Sars),

,, concinna, G. 0. Sars, .

,, antiquata, (Baird),

Jonesli, (Baird),

Whitei, (Baird),

,, pellucida, Baird,

,, tenera, Brady, .

forcellana, Brady,

,, gibbosa, (B. & R.),

,, villosa, (G, 0. Sars), ,

Cytheridia elongata, (Brady), ,

Loxoconcha imprcssa, Baird, .

tamarindiLS, (Jones),

fragilis, G. 0. Sars,

Xestolebris depressa, G. 0. Sars,

,, aurantia, (Baird),

Cytherura striata, G. O. Sars,

similis, G. 0. Sars,.

,, nigrescens, (Baird),

.

,, acuticostata, G, O. Sars,

,, producta, Brady,

,, angulata, Brady, .

,, undata, G. 0. Sars,

,, cellulosa, (Norman),

,, sella, G. 0. Sars, .

,, cornuta, Brady,

>> sp-,

Cytheropteron nodosum, Brady,
Bythyocythere recta, (Brady), .

Pseudocythere caudata, G. 0. Sars,

Cytherideis subuMta, Brady, .

Cytlierois Fischeri, (G. O. Sars),

Sclerochilus contortus, (Norman),
Paradoxostoma ensiforme, Brady,

,, obliquum, G. 0. Sar

,, Hodgii, Brady,
Madmrina tenuissima, (Norman),
Philomedes interpunctata, (Baird),

Asterope marice, (Baird),

Polycope orbicularis, G, 0. Sars,

Loch

Ryan

(1).

Loch

Eyan

(2).

W.

Loch

Tarbert

(1).

W.

Loch

Tarbert

(2).

Loch-na-Keal.

Loch

Greshornish.

Loch

Moidart.

Loch

Killisport.

X X X X X X

X X X X

. X X X X

X X X X X X
X X X X X X

X X
X X X

X X X X
X X

X X X X X
X X X X

X X X

X X X
X X

X X
X X
X X

X X X
X

X

X
X

X
X X X X X X X
X X X X X X

X
X X X X
X

X X X X
X X X

X X X X
X X
X X

X X X X
X X

X X
X X X

X
X

X

X
X X

X
X

X
X X

X X
X

X
X
X

1

X
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The collated results are as follows :

—

FoRAMiNiFERA, 24 Geiieia, 49 Species.

West Loch Tarbert, Kintyre, ... 19 Genera. 31 Species.

Loch Ryan, 13 „ 21 ,,

Loch-na-Keal, Mull, . . . . 12 ,, 20
Loch Killisport, Argyleshire, . . . 15 ,, 18
Loch Greshornish, Skye, ... 9 9

Loch Moidart, Inverness-shire, . . 6 ,, 7 ,,

OsTKACODA, 17 Genera, 52 Species.

West Loch Tarbert, Kintyre, . . . 14 Genera, 41 Species.

Loch Ryan, ....... 6 ,, 23 „
Loch-na-Keal, Mull, .... 10 „ 15 „
Loch Killisport, Argyleshire, . . . 6 ,, 16 ,,

Loch Greshornish, Skye, . . . 4 ,, 9 ,,

Loch Moidart, Inverness-shire, . . 3 ,, 8 ,,

The list is headed by West Loch Tarbert, which furnishes a total of thirty-

three genera and seventy-two species, or 80 per cent, of the genera and 71

per cent, of the Foraminifers and Ostracods from the various lochs. Loch-
na-Keal conies next as regards the total genera, and Loch Ryan is the

second lichest in species. The percentage of genera for these are 53 and
46 respectively, while the relative species supplied by them are 34 and 43
per cent. While the species of Foraminifera in each is almost equal,

Loch Ryan furnishes half as many Ostracod species as Loch-na-Keal,

thus surpassing the latter by nine species. Loch Killisport also shows that

as lochs opening to the Atlantic abounds with these protozoan and crus-

tacean forms, and may be taken as a representative of the neighbouring

Loch Swen which runs parallel with it. It may be said that Loch-na-

Keal and Loch Killisport exhibit the same total for the two lower classes

of animal life which are given in detail in the tables, but the former loch

furnished by dredging a large number of 1he larger Crustaceans, Echino-

deinis, and Molluscs, and the wealth of tubicolous worms which encrusted

the many dead shells which cover the bottom far surpassed anything I

met with in the other lochs visited. The total genera were 51 per cent, of

all those taken and noted in the foregoing lists, and the proportion of

species was 36 per cent.

That oysters fatten best when laid on not too soft mud is well known.
The mud is richer in food material for the oyster than is sandy ground.

A fair index of what food material is available can be ascertained from
the presence of certain forms, which, because of the hard skeletal parts, are

easily available for future examination. The mud taken has been ex-

amined by my colleague, Mr Scott, to whose ever helpful kindness I am
indebted for a list of the organisms which were contained in the various

samples. These lists are given for the Foraminifers and Ostracods

for various lochs, viz., for the two lochs where oyster cultivation

is at present attempted, and for a typical loch in Mull, Skye, the

mainland of Inverness-shire and the mainland of Argyleshire.

Conclusion.

Undoubtedly West Loch Tarbert presents, both from a physical and
biological point of view, as favourable indication for oyster culture as any
loch I visil(id on the. West Coast. Loch Ryan, which I have grouped
with AVi'st Loch Tarbert, may be placed almost beside it, although it does

not show the same richness of fauna, either Foraminiferal or Ostracodal.

Loch Swen and Loch-n i-lv'iil might be placed togethar as two of our



200 Part III.—Ninth Annual Beport

most suitable places where no attempt at oyster culture has been made,

and I should place Loch Harport before Loch Greshornish, and Loch
Sciidain before Loch Spelve. Loch Creran is isolated from the other

lochs visited, but is not so good as either Loch Swen or Loch-na-Keal,

and better thaji any of the Skye inlets. Loch Tarbert (Jura) as a small

loch might almost be placed alongside of Loch Swen and Loch-na-Keal.

Lochs Moidart and Aylort are also small lochs, but the former comes
after Jura loch, near which Loch Aylort might be placed. In most of

them, I believe, it would be possible to fatten oysters in quantity, and
it is satisfactory to observe that proposals have been made for culti-

vating oysters in several of them.



of tine Fishery Board for Scotland. 201

IV. — THE CAPTURE AKD DESTRUCTION OF IMMATURE
SEA FISH. Part II. By Dr T. Wemyss Fulton, F.RS.E.,

Secretary for Scientific Investigations.

1. Introductory.

In the Report for last year I described the investigations made by the

direction of the Fishery Board into the determination of immature fish of

different species, their distribution in the waters on the east coast, and
their capture and destruction by different modes of fishing ; and I dis-

cussed the various plans by whicb this wasteful destruction might be

lessened.* Since that report was written the subject has assumed greater

magnitude and importance, both at home and in foreign countries; and
before describing the further experiments made by the direction of the

Board, something may be said as to what has been done, or is being done,

elsewhere.

In this country the question of the capture and destruction of immature
fish has attracted a great deal of attention in recent years, and at various

meetings of those interested in fisheries resolutions have been passed

calHng for interference. At a Conference of representatives of the trawl-

fishing industry, held in London in 1888, it was resolved :
—

' 1. That we
' find a large and distressing diminution in the North Sea of soles, turbot,

' plaice, and all flat-fish, and view with alarm the future, unless some
' steps are immediately taken to prohibit the catching of immature fish.

' 2. That the Conference petition Her Majesty's Government, urging them
' to enter into negotiations with all Continental Governments to establish
' an international law to prohibit the wilful catching of immature fish,

' and to make it unlawful to offer such immature fish for sale.' At a Con-
ference of the representatives of the s^ja-fishing industry of the United
Kingdom, held in London in 1889, under the auspices of the National

Sea Fisheries Protection Association, it was resolved to adjourn the subject

in order to give time for further inquiry, to watch the operation of the

Sea Fisheries Regulation Act, 1888, and of the Danish fishery law, and
to enable the results of observations and experiments then proceeding to

be obtained. A committee was appointed at this Conference, which, later

in the year, resolved :
—

' That the President do ask the Government to

* invite various foreign maritime powers to send delegates to meet in
' conference to examine the grounds of alarm felt as to the eff'ect upon the
* fisheries of the taking and sale of immature fish.' IMeantime the traw-

lers on the East Coast had taken up the subject themselves. At a Con-
ference of the trawl-fishing industry of the east coast ports, held in Hull
in the spring of last year, it was resolved, in view * of the enormous loss

* which the trade has sustained year by year through the wholesale capture
' and destruction of immature and inedible fish,' to take united measures
to put a stop to the evil, and the delegates assembled agreed, for them-
selves and on behalf of the various companies, corporations, fleets, and
associations which they represented, to abstain during the ensuing summer
from fishing on the following grounds where immature fish are caught in

abundance, viz., the area between lat. 53° 50' and 56° N., bounded by the

German and Danish coasts on the east, and on the west by an imaginary
line coincident with longitude 7^ 30'. This Conference further resolved

* The Distribution of Immature Sea Fish, and their Capture 1>y various Modes
of Fishing, Eighth Annual Report of the Hslicry Board for Scotland, Fart HI. pp.
157-210, 1890.
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that the term ' immature fish ' should be applied as follows :—lemon soles,

turbot, brill, and plaice under 12 inches, and common soles under 10
inches, the measurements to be made from the end of the nose to the

end of the tail ; and that Parliament should be asked to impose restric-

tions upon the sale of immature fish as so defined.

As a result of the resolution of the committee above referred to, an
International Conference to consider the question of the capture and sale

of immature fish was convened in London last July, under the auspices of

the National Sea Fisheries Protection Association and the presidency of

Sir Edward Birkbeck, Bart., M.P. Delegates were present from Belgium,

Denmark, France, Germany, the Netherlands, Spain, and the United
Kingdom, and the following resolutions were passed:— '1. That this

' Conference considers it desirable that an Official International Confer-
' ence of European maritime powers should be held with the view of
' concluding a Convention for the prohibition of the landing and sale of

' undersized fiat-fish within their respective jurisdictions.' ' 2. That the
' National Sea Fisheries Protection Association be requested to formulate
' a set of questions, with a view to obtaining scientific and statistical

' information in relation to undersized fish, and forward it to each dele-

' gate, in order that he ma}' submit it to his Government for adoption.'

Some of the Local Fisheries Committees of the Sea Fisheries Districts

in process of formation along the English Coast, under the Sea Fisheries

Regulation Act, 1888, have passed bye-laws regulating the mesh of the

nets used in certain modes of fishing, and have also prohibited the landing

or sale of various fish under a certain size. Oa the Continent, in

Denmark, Italy, and France, there are at the present time enactments in

force prohibiting the landing or sale of immature individuals of certain

sea fish.* In Holland (where Dr Hoek is making an investigation of

the subject) it has been proposed that a law should be passed prohibiting

fishing with nets having meshes so small that immature fish cannot escape,

and making it compulsory to return all immature fish to the sea {vide p.

413) • and in Belgium the Association Maritime have passed a resolution

to the same efi'ect, and recommending that the vessel employed in fishery

superintendence on the Belgian coast should be employed to carry on
* experiments similar to those made by the " Garland " on the coasts of

'Scotland' {vide p. 417.)

2. The Retention of Vitality of Trawl-caught Fish, and their

Chance of Survival if replaced in the Sea.

This question, so important from the point of view of regulation,

has been carefully investigated during the past year.

The experiments on board the ' Garland ' were carried on at intervals

during nine months, the trawl being used on grounds of very different

character, and for periods varying from half an hour to seven hours.

The depth of water varied from about 3 fathoms to over 30 fathoms,

and the distance from shore from 1 to about 10 miles. In some cases

the bottom consisted of mud, in other cases of clean sand, muddy sand,

shells, (fee, certain places being selected, in order specially to test th

influence of the kind of bottom on the vitality of the fish caught.

Seventy-eight hauls of the trawl net were made ; the number of food-

fishes caught (exclusive of skates and rays) was 13,328, and the condition

* Vide p. 411 of the present Report, and pp. 374, 375, Part III., Eighth Annual
Report.



of the Fishery Board for Scotland. 203

of each as to vitality was registered by Mr T. Scott, F.L.S., the

naturalist on board the * Garland,' so that this investigation has been

made on a scale sufficiently extensive for definite conclusions to be drawn

from it. The fish were measured, and the living and dead recorded

separately, so that adult specimens could be distinguished from those

which were immature. In addition to the registering of their condition

on reaching the deck, a number of the fish were placed in a large tub on

board the vessel, through which a continuous stream of sea-water flowed,

in order to test the probability of their survival or death if returned to

the sea. The results of these observations are referred to below.

Of the total number of fish caught in these experiments, 8148 were

flat-fish, and 5180 were round-fish. The number of adult specimens

was 6955, and the number of immature was 6373. Among the flat-fish,

4846 were of adult size, and 3302 w^ere immature
;
among the round-fish

there were 2109 adults, and 3071 immature. The condition as to

vitality of the various species is shown in the accompanying table :

—

Living. Dead. Totals.

ixrand

Total.

Adult.
Imma-
ture.

Adult.
Imma-
ture.

Living, Dead.

Round-fish—
Cod, . . .

Haddock,
Whiting, . .

Gurnard, . .

196
336
848
349

1,288
11

605
374

"25

326
29

60
6

511
216

1,484
347

1,453
723

60
31

837
245

1,544
378

2,290
968

Total, . . 1,729 2,278 380 793 4,007 1,173 5,180

Flat-fish—
Plaice, . .

Lemon Sole, .

Common Dab,
Long Rough
Dab, . .

Flounder,

Witch Sole, .

Turbot, . .

Brill, . . .

Common Sole,

1,971
540

1,190

864

77
38
6

1

5

2,133
193
516

279
8

5

1

1

10
86

57

4

21

14

128

4,104
733

1,706

1,143
85
43

7

1

5

5

31

100

185

4,109
764

1,806

1,328

85
43

7

1

5

Total, . . 4,692 3,135 154 167 7,827 321 8,148

Grand Total, 6,421 5,413 534 960 11,834 1,494 13,328

It will be seen that, taking all the kinds of fish together, there were

11,834 landed from the net alive and 1494 dead ; that is to say, 88*7 per

cent, of the fish were living when the record was made immediately after

the net was hauled, and 11*2 per cent, were dead. A very much larger

proportion of round-fish than flat-fish succumbed. Thus of the 5180
round-fisli ca[)tured, 1173, or 22*6 per cent., wore dead; while of the

8148 flat-tish only 321, or 3*8 per cent., were dead. Tliis sliows the

much greater tenacity of life among flat-fishes—at all events, so far as

trawling operations are concerned.

It will be noticed that the tenacity of life varies very much among the

different species. Skates and rays, which are not included in the tables,
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but of which several hundreds were captured, were invariably alive and
in good condition on being landed on deck, even when the trawl was
over for seven hours. Among round-fish whiting suffered most, then

gurnards and haddock?, and, last of all, cod. Among the flat-fish none of

the flounders or witch soles were dead, but the numbers of these fish

captured were small ; the death-rate among plaice, of which more than

four thousand Avere taken, was only 0*12 per cent. ; lemon soles, common
dabs, and especially long rough dabs, suffered to a much greater extent.

The percentages of those dead when the net was hauled are as follows :

—

ry 1 Had- Whit- Giir- -ni • Lemon , Witch
Cod. 11- 1 Plaice. rj 1 rnon Rough Floimder. ^ ,

dock. ing. nard. Sole.
^^^^ -^^^^ Sole.

3-9 8-2 86-5 25'3 0-12 4*0 5-5* 13-9 O'O 0-0

These figures refer to fish which have reached adult size and to imma-
ture fish taken together. It is, however, important to consider the reten-

tion of vitality among immature fish, since regulations on this subject

concern them alone. As has been stated, the immature fish numbered
6373, of which 3071 were round-fish and 3302 were flat-fish. The num-
ber of immature round-fish which perished in the trawl was 793, or 25*8

per cent, of the total number of immature round- fish caught. The number
of immature flat-fish which succumbed was 167, or only 5 per cent, of

the total number captured. In both cases the fatality, as might have

been expected, was somewhat greater among immature specimens than

among those which had reached adult size ; the death-rate among adult

round-fish being 18 per cent., and among adult flat-fish 3 per cent. The
percentage of those which perished in the net varied within wide limits.

No s[)ecimens of flounder, witch sole, turbot, brill, or common sole, were

dead when brought to the deck ; but the numbers of the three last-named

were insignificant. Of 2137 immature plaice only 4, or 0T8 per cent,

were dead, while nearly half of the immature whitings succumbed. The
percentages of the immature specimens which were dead are as follows :

—

/->( J TT 1 J 1 wv,-4-- n 1 r)i • Lemon Common Loncf
,Cod. Haddock. Whitmg. Gurnard. Plaice. g^^^ j^^^^ Rough Dab.
4-4 35-3 4.5-7 36-6 OlS 9-8 2-6 31-4

These figures show how various is the relative tenacity of life among
immature fish belonging to different species. The most tenacious of life

are plaice, and then follow common dabs, cod, lemon soles, long rough

dabs, haddock, gurnard, and whiting.

So far I have dealt with the results of these experiments generally,

without taking account of either the nature of the bottom or of the length

of time during which the trawl was down. The character of the bottom

of course exercises a most important influence on the vitality of the fish.

On clean sand very few of the fish perished, even when the net had been

down for seven hours. Several hauls of five hours' duration were made
on ground of this nature, and all the fish were alive when the net was

hauled. Further, no immature flat-fish succumbed even in the hauls of

longest duration, those which perished consisting almost entirely of

whitings and gurnard. On a muddy bottom the fatality among the

immature fish was fully four times greater than on sand. Considerable

numbers succumbed when the hauls lasted for a period of between two

and three hours, and a few when the net was down for a shorter time, as

is shown in the appended table.
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Duration
ofHi.ul

(on mud).

Cod. Haddock. Whiting. Gurnard. Plaice.
Lemon
Sole.

Common
Dab.

1

Long
Rough
Dab.

fcib

> IS
ce
<u

Q
c3
<D

Q

bb bb
c
'> 03

ft

bb

p
ID

P

bb
c
'>

i3

do

'>

hrs. rain.

1 30
2 40
5 0

5 40
6 0

44
15
8

1

19

2

5

3

1

7

4

...

3

16

...

21

159
...

z

i

18

19

*5

18

98
35

1

3

31

57
97

i

3

1

2

17
110

"2

1

18

1

38
32

1

8

3

26 120

Of greater importance, from a practical point of view, is the relative

destruction of immature fish, according to the time the net is down. As
has been said, in the course of tliese experiments hauls were made for

varying periods ; and I have tabulated the results and calculated the

death-rate per cent, amqng the immature fish captured, as shown in the

following table :

—

Duration of Haul.

Cod.

Haddock.

Whiting.
Gurnard.

Plaice. Lemon Sole.

Common
Dab.

Long

Rough

Dab.

Under two hours, . .
3-2 0-0 15-2 0-0 0-0 0-0 0-0 0-0

Two to four hours, 3-0 66-0* 51-1 6-5 0-0 0-0 3-1 38-0

Four to six hours, . .
9-1 81-3 83-9 0-6 13-7 4-9 10-5*

* The numbers in these cases were small.

It is evident from this table that the number of immature fish which
perish in the trawl-net increases markedly with the duration of the haul.

The numbers of immature cod, whiting, gurnard, and flat-fish were suffi-

ciently large to indicate what normally occurs. In the case of haddock the

numbers were small
;
only one immature specimen was got in the series of

hauls lasting between four and six hours, and it was dead. No adult cod
(above 20 inches) succumbed in any of the hauls. No flat fish were
landed dead in any haul under two hours' duration, and in hauls between
two and four hours only the less important varieties (dabs). The fatality

among whitiiigs and gurnards increases to a striking extent witli the
duration of the shot. Young cod, and especially young whiting, suc-

cumb early.

As has been said, a number of the fish when brought up in the trawl-

net were transferred alive to a large tub, tlirougli which a continuous
stream of sea-water passed, in order to test the likelihood of their sur-

vival if they bad been returned to the sea. The fish were placed in tho tub
within a few minutes after they were landed, but in some cases an in-

terval of from ten to twenty minutes was allowed to ehipso, and they

remained in thewater thirty or forty minutes, when their condition was
recorded. As a g(uieral rule, few flat-fish succumbed while in the tub,
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and these only long rough dabs and common dabs ; but there was a con-

siderable mortality among immature whitings, gurnards, and cod, especi-

ally if the net had been down for a long time, or on a muddy bottom.

When the haul lasted only a short period, or was made on clean

sand, very few died in the tub. The converse experiment was made,

namely, fish that appeared dead when landed on deck were placed in the

tub, to see if they would revive. In the great majority of cases they did

not recover.

3. The Capture of Immature Fish in Shrimp-Trawls.

In last year's Report (p. 185) I gave some statistics as to the number of

small fish captured in shrimp-trawls. These have since been largely sup-

plemented, and I have personally investigated the subject on board the

shrimping-boats. The object I had in view was to ascertain, in a definite

way (1) the quantity and kind of immature fish captured by the shrimp-

trawl; (2) the likelihood of the immature fish surviving if returned to

the water. The experiments were carried on in the Solway, in the Firth

of Forth, St Andrews Bay, and on the Lancashire coast. In the special

hauls made in the Solway, extending over a period of nine months, only

a few immature common soles, whitings, cod, and rays were obtained

;

rather more immature common dabs, and a few sprats, sand-eels, &c.

On the other hand, immature plaice were present in great numbers, the

Solway Firth, in fact, forming a great nursery for this fish. They were

also abundant on the Lancashire coast. The following table gives the

numbers and sizes of immature plaice captured in fifteen hauls of the

shrimp-trawl :

—

Date.

Number
Caught.

Size in Inches. Date,

Number
Caught.

Size in Inches. Date.

Number
Caught.

Size in Inches.

2i-4i li-2i 24-41 14-2i 24-4i

July 25.* 1417 29 Nov. 24. 122 143 Apr. 8. 184 47
Oct. 30. 327 72 Dec. 3. 135 31 „ 15. 271 46
Nov. 6. 208 142 „ 9. 202 115 „ 21. 231 85

„ 14. 102 166 „ 13. 136 73 May 2. 122 126

„ 18. 138 157 Apr. 1. 190 73 „ 6. 237 83

* Representing three hauls by the same boat in one day.

In many of the hauls no other immature food-fish was obtained. The
average number of immature plaice caught in each haul of the net was
257. Three shots a day may be taken as the number usually made by
each boat, and this would give 770 as the average daily catch of imma-
ture plaice per boat. Shrimp-fishing is carried on in the Solway for

between eight and nine months in the year, and I am informed that four

days a week may be considered a fair average number of days during

which the fishing is prosecuted. On these data the total number of

immature plaice captured by each boat in the course of a year would be

over 110,000, and for the thirty boats over 3,300,000. Calculating from
the numbers obtained in the fifteen hauls, the numbers of immature
specimens of the other food-fishes annually captured would be, roughly

—

Common soles, 20,000; flounders, 13,000; common dabs, 130,000;
whitings and cod, 190,000. The Annan fishermen, however, are very
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careful to return the immature fish and shrimps at once to the sea ; and

from what is stated below it is evident that the destruction of immature

food-fishes in the Solway is quite infinitesimal. On the Lancashire

coast a morning's fishing of one boat yielded the following number of

immature fish :

—

Common
Sole.

Plaice.
Ray {R.

fullonica).
Whiting. Sand-eel.

Lesser

"VYeever.
Pogge.

Size Size Size Size Size Size Size

No. in No. in No. in No. in No. in No. in No. in

inches. inches. inches. inches. inches. inches. inches.

6 5-7 480

72 2i-5

3 5 47 2^-4^ 15 4i-6 42 3-5i
•

...

5

It is obvious from these figures that the number of small immature food-

fishes annually caught by shrimp-boats must be enormous, and probably

far transcends the quantity caught by beam trawlers working with large-

meshed nets in the open sea. The number of immature food-fishes

captured in the ordinary trawl-net of the 'Garland' in 152 hauls was
only 6417, or an average of a little over 42 per haul, which contrasts very

strikingly with the number taken by the shrimp-nets. It is therefore

clear that if the immature fish captured in shrimp-trawls, or even a con-

siderable proportion of them, perished, there would be an immense waste-

ful destruction of food-fishes. But it is the general (although not invari-

able) practice to return the immature fish taken with the shrimps as soon

as possible to the sea ; and the whole question turns upon whether the fish

so returned will live or die. In the Eeport of MM. Giard and Roussin to the

French Minister of Marine, on behalf of the Consultative Committee on
French Marine Fisheries,* it is stated that the immature fish, even when
immediately returned to the sea, do not survive, but perish. f The same
view appears to be taken by M. Auguste Borgers, of the Belgian Commis-
sion,! ^'^^ others who have written on the subject. It does not appear,

however, that this statement is founded upon experimental observations,

but rather upon general considerations. So far as I can discover, the only

experimental investigation into the question is that now given here. The
experiments made by the direction of the Fishery Board point to the con-

clusion that the vast majority of the immature fish taken in the shrimp-

nets are alive when brought to deck. Shrimp-fishing is carried on on
sandy bottoms, or sand mixed with a little mud, the net is kept down for

rarely over an hour, and frequently for a much less time, and the boat

drifts slowly with the tide. It is, however, shown above that all the

immature fish captured on clean sand, when the hauls were under five

hours, were alive when brought to deck, and that immature fiat-fish did

not succumb even when the net was down for seven hours. Furtlier,

that even when the bottom consisted of mud alone, no immature fiat-fish

perished if the net was hauled within two hours. For example, in May
a haul of seven hours was made on a bottom of clean sand in the Firth of

* Rapport sur la milgarisation de Vemploi d'engiiis pour la 2^chc de la cJievrctie.

Paris, 1889.

t Pp. 4-5. * Cet eiigin destructeur ramenant h. chaque coup des quantites con-
* siderabh'S de petits sujets de ces es])cccs qui, nienie rejetos ijnnuMliateniont i\ la mer,
* ne survivent pas aux IVoiHsements qu'ils out subis et sont absoluinent perdus.'

X La diminution du Poissoii Ic long des Cdtes maritimes. Osteud, 1890.
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Forth, the depth ] eing from six to eight fathoms. The catch consisted

of 32 skates and rays, 338 plaice (125 immature), 26 lemon soles (2

immature), 205 common dabs (57 immature), 1 flounder, I turbot, 1 sole,

1 haddock, 3 cod (2 immature), 114 gurnards (60 immature), and 15

anglers (Lophius), and all were living except 58 of the immature gur-

nards. The trawl-net also contained a considerable quantity of shells,

clams (Pecten), mussels, &c. Of the living fish, 16 immature plaice, 1

adult and the 2 immature lemon soles, 13 common dabs, and 3 gurnards

w^ere placed in the tub of sea water, to test, as previously explained, their

chance of survival if returned to the sea. The lish were put in the tub

after they had lain on the deck for ten minutes, and were kept in the

water for thirty minutes, at which time they were all living, except 1

gurnard, seven inches long, and 1 common dab, six inches long, which

had died. A few other examples of special hauls with the shrimp-trawl

may be given, the fish tabulated being all immature :

—

Duration
of

Haul.

Depth
in

Fathoms.

Nature
of

Bottom.
Cod.

Whit-
ing.

Gur-
nard.

Plaice.
Lemon
Soles.

Com-
mon
Dabs.

Long
Rough
Dabs.

Hrs. mins.

2 5 3-4 Sand. 1 80 5

4 5 3-4
>> 1 24 82 4

2 45 5-6 3 54 15

3 20 5-6 18 31 8

Muddy
2 0 9-13 Sand. 3 30 2 o

(J 15 2

2 20 6 2 13 17 24 2 4 6

3 0 13-21 Mud. 14 36 1 4 106
3 0 14

5 >
1 3 "s 27 26

4 30 6-15
3 >

10 9 10 2 42 14

All the fish (matuie and immature) were living in each of these hauls,

except the last (on mud), in which case all the whitings, one cod, and
one long rough dab were dead. Further, all the fish obtained from a

sandy bottom lived when placed in the tub of water, even after they had
lain on deck for ten minutes. On one occasion recently, on board a

shrimp-boat, I ])laced eighteen immature plaice, from 2J to 4 inches

in length, which had been caught on a bottom of sand with a little

mud intermixed, during a haul of fifty minutes, into a pail of sea water

after they had lain on deck for ten miiiutes. Twenty minutes after-

w^ards they were quite lively. I then removed them and placed them
on the dry deck, where they lay exposed to a hot sun for tw^enty

minutes. On being replaced in the sea-water each of them moved in

a lively way on being touched.

These facts, I think, prove that the statements made that most or

all of the immature fish captured by shrimp-trawls perish if replaced in

the sea have been based upon imperfect observations. I am convinced

from investigation and experiment that the vast majority, if returned

Avithout much delay, would survive.

It is quite possible, of course, so to conduct the operations as to

lead to a great destruction of the immature fish caught. In the Solway,

as has been stated, this does not occur, the fishermen there using re-

latively large riddles, and returning the immature shrimps and young
fish at unce to the sea ; hence the excellence of the Annan shrimps,

which always command the best prices in the market. But at some
places, as on the Continent, this appears to be often done slovenly
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or carelessly, or not done at all. In Germany, Holland, and Belgium,*

as in this country in former times, the young fish are frequently used

for manure, and for the feeding of pigs and poultry. There has hence

arisen a demand for some other method of shrimp-catching, which,

while yielding a fair supply of shrimps, will not capture young fish,

and the baited trap or creel used since 1861 at Croisic in the De-
partment of the Loire-Inferieure, France, has been much extolled. The
Belgian authorities have taken steps to have these machines tested

along tlie Belgian littoral.

The Fishery Board have had several of these shrimp-traps made for

the purpose of ascertaining the presence and relative abundance of shrimps

at various parts of the Scotch coast. As has been said, the only

place in Scotland where shrimping is regularly carrried on is in the

Solway Firth, where it was introduced almost by accident. In 1854
some Lancashire fishermen, out herring-fishing, were driven by stress

of storm into the Solway, and as it looked a likely place for shrimps,

two of them came back two years subsequently and started what has now
become a very important industry. I am informed by one of these

fishermen (Mr John Holmes) that there are other places on the Scottish

coast where it is probable that shrimping might be made profitable.

From inquiries, it appears that shrimps are found at certain parts

of the Moray Firth, in the Firth of Forth, the Firth of Cly<le, and
on the East Coast ; and considering how the fishing was begun in the

Solway it has been decided to investigate some of these places.

The apparatus used at Croisic is represented in the subjoined wood-cut.

The wooden frame (made of chestnut wood in France) is 75 centi-

metres (30 inches) long, 40 centimetres (16 inches) in diameter at the

ends, and 44 centimetres (17 inches) in diameter at the centre. It coq-

* Vide Dr Ehrenbaum's memoir, Zur Naturgeschichtc von Crangmi vulgaris, Berlin,

1890; Tiv Wog\C% Rapport over Ankerkail- en Staalhoomen-Visschcrij, Leiden, 1888;
and M. Borgers' work, La diminution du Poisson le long des C6tes viaritirncs, Ostend,
1890.

0
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sists of three hoops, one in the centre and one at either end, each 24
millimetres (about an inch) broad, and 8 millimetres (a third of an inch)

thick, and of eight bars of similar width and thickness, fastened to the

outside of the hoops, at equal distances apart. The frame, except half of

one segment, which is fitted with a wooden door (B), is covered with
netting, the mesh of which is 10 millimetres (about two-fifths of an inch)

from knot to knot. The netting at the ends is arranged, as in the ordinary

lobster creels, in funnel fashion, the ' eyes ' or openings (A A) having a

diameter of 8 centimetres (about 8 inches), and being placed opposite

one another, 20 centimetres (about 3 inches) apart. The trap is baited

in France with pieces of angler fish or skate, suspended about half-way

between the top and the axis of the trap (F), and it is sunk by affixing

stones (CO) to the projecting ends of two bars, each 42 inches long by

1 J inch broad and half an inch thick, which are fastened to the bottom of

the trap, 20 centimetres (about 8 inches) apart. Each trap has a suitable

length of cord attached (DD) to a float (E), to indicate its position,

and for the purpose of hauling it up. At Croisic each boat manages from
twenty -five to thirty traps, which are hauled up and emptied each morning.

They are used by preference on muddy bottoms, and on bottoms covered

by marine algae, from the 1st of November to the 1st of May; and from
the beginning of the fishing up to 1st January they are placed about 200
yards from the coast, in a depth of 7 fathoms. From 1st January to

15th March they are anchored at another p irt of the coast, where the

depth is about 14 fathoms. At Croisic this mode of shrimp-fishing

is practised by a hundred boats and three hundred fishermen,, and the

average annual catch is about 80,000 kilogrammes (1576 cwts.), valued

at 220,000 francs. MM. Giard and Koussin, in their Report to the

French Miinster of Marine above referred to, recommended that the

use of the shrimp-trawl should be prohibited on the French littoral, and
that every means should be taken to extend the use of shrimp-traps. I

am, however, informed by M. Eaveret-Wattell, the obliging Secretary

of the Soci^te Nationale d'Acclimatation de France, who was good enough
to obtain information from the French Minister on the subject, that the

trap is at present only used at Croisic. Efforts have been made to diffuse

a knowledge of its use at other parts of the coast, but the fishermen else-

where do not look upon it favourably. An official trial of the apparatus

has been made on a fairly large scale in the maritime department of

Nantes. A large number of traps wwe bought by the administrative

authorities and distributed in the districts of Nantes, Croisic, St Nazaire,

Paimboeuf, and Noirmoutier ; but the results up to the present as

regards the quantities of shrimps caught are not very encouraging. The
shrimp-trawl, therefore, continues to be preferred, and its use is author-

ised or permitted at different parts of the coast as follows :—1st Arron-

dissement—Calais, Boulogne-sur-mer, St Valery-sur-Somme, Gravelines,

Dunkerque, Trouville, Dieppe, Le Havre ; 2nd Arrondissement—Con-

carneau, Quimper, Brest, Le Conquet, Morlain, Laniiion, Bregni^t ; 3rd

Arrondissement— Noirmoutier, Le Croisic ; 4th Arrondissement —
Eochefort, Marennes, He de Ee, He d'Oleron, La Eochelle, Marennes,

Les Tables, St Gilles, He d'Yeu.

On the North Sea Coast of Germany a variety of methods of shrimp-

fishing are in vogue, including the use of traps of two kinds— (1) made of

willow basket-work, like eel-traps {Korbe)
; (2) consisting of a frame-

w^ork, somewhat similar to that used in France, but made of iron, with

netting stretched over it (Reusen).
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Conclusion.

In last year's Report the various modes by which the destruction of

immature tish might be lessened were discussed, viz. (1) the protection of

nursery grounds capable of definition, by prohibiting in such areas those

modes of fishing which proved to be injurious; (2) by enlarging the mesh
of nets, particularly of trawl-nets

; (3) by returning at once to the sea all

the immature fish captured by the ordinary operations of fishing. In

regard to the enlargement of the mesh of the net, which undoubtedly

immensely favours the escape of small fish, it is not yet clear that this

measure would be advisable, so far as concerns ordinary beam-trawling.

At present few fish under 6 inches in length are caught by this mode of

fishing as ordinarily practised, and while this standard of size comprises

immature individuals of all the valuable food-fishes, it excludes nearly all

the immature and many of the mature individuals of species of little value,

which are allowed to escape and propagate and enter into competition for

food with the more valuable kinds. The very extensive investigations

being made on board the ' Garland ' as to the organisms which supply the

food of the various kinds of edible sea-fish will show to what extent such

competition for food takes place between the valuable and the compara-

tively worthless species, and what measure of advantage is likely to accrue

from enlargement of the mesh of the net.

With regard to the utility of returning immature fish to the sea, I think

it will be conceded that the results of the investigations detailed above

strongly support procedure of this character. It has been most sensibly

urged that if the fish perish after being replaced in the sea, any measure

of this nature would be worse than useless
;

since, besides imposing on
fishermen a restriction which might occasionally be troublesome to carry

out, it would interfere with the utilisation of a small, but still appreci-

able, food-supply. But the experiments of the Fishery Board tend to

show that the great majority of the fish»would live. In the case of

shrimp-trawling, if the young fish are returned during the process of

riddling the shrimps after the haul has been made, the fatality will be
exceedingly small. It will be greater among immature round fish than
among immature flat-fish

;
among the latter the proportion destroyed,

especially of plaice and probably of common soles—which are very

tenacious of life—will not amount to more than a mere fraction per cent,

of those captured. This conclusion, founded upon an extensive series of

experiments, is one of great importance.

It is a little diff'erent with ordinary beam-trawling on the high sea.

Here the net may sometimes be kept down for seven or eight hours at a

stretch, and sandy bottoms and muddy bottoms are worked on indiff'erently.

I find, however, from Professor MTntosh's valuable Report on the trawl-

ing experiments he conducted in 1884, at the request of the Royal Com-
mission on Trawling,"^ that the average duration of 74 hauls made on
board the beam trawlers he accompanied in their ordinary avocation on
the East Coast of Scotland was rather under four hours and a half. Of
the 74 hauls the longest lasted six hours and twenty minutes

;
only 8

were over six hours, and 20 over five. From the results of the experi-

ments on the 'Garland,' there is little doubt that a large proportion of the
immature fish captured by the ordinary trawlers would survive if returned
to the sea. The number of round-fish, especially of whitings, which would
perish would be considerable, but the great majority of immature flat-

fishes—which it is of most importance to preserve—would undoubtedly
survive.

* Report of the Commissioners on the Use of the Trawl-Net and Bcain-Traicl in the
Territorial Waters of the United Kingdom, 1885, pp. 382-429.
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v.—ON BOUCHOT MUSSEL CULTURE AND THE BOUCHOT
EXPERIMENT AT ST ANDREWS. By J. H. Fullarton,

M.A., D.Sc.

The mussel famine which has been felt by the East Coast fishermen

for the last few years has drawn attention to mussel cultivation, and

the methods of cultivation, whereby a regular and sufficient crop of

mussels might be obtained in Scotland for all Scottish wants. Hitherto,

mussel culture has been carried on only at one or two points on the

Scottish littoral, but descriptions of how the mussel crop can be in-

creased, discussions on the methods that should be adopted to effect

this, and experiments illustrative of the methods to prove or disprove

allegations as to one or other method, all help forward towards a

solution. The two methods of increasing, by cultivation, the mussel

supply are the bed and bouchot methods. The bed system, as carried

out at Montrose for the past thirty-five years, has been already described

by my colleague, Mr Thomas Scott, and myself,"^ and I propose now to

deal with the bouchot system.

In 1889 the Fishery Board, in order to test the merits of the

bouchot system, had a bouchot erected in the estuary of the Eden
under the superintendence of Mr F. Comyn. This bouchot was the

second that was erected, the first structure on the Leuchars side of

the Eden having been destroyed by a gale shortly after it was set up.

Before noticing what has been shown by the bouchot which is still

standing, further particulars may be given regarding the bouchot system

as developed on the French coast.

FRBNcEf Bouchot System.

The bouchot and bouchot mussel culture are peculiarly French, although

mussels are also obtained by bed culture \ but it may be said that the

French system of myticulture is conducted by means of bouchots. The
Dutch nation, which also rears and sells large quantities of mussels as

well as oysters, cultivate mussels on the bed system, which is similar

to the Scottish bed system as seen at Montrose or in the estuary of

the Eden. In recent years much has been written on bouchots, but

most of the information given is ancient, and the letterpress and
drawings of ' Culture des Monies ' in M. Felix Fraiche'sf Guide Pratique

de VOstreicidteur have been largely borrowed by the writers. Moreover,

the advocates for the application of the bouchot system to Scotland

have avoided the financial aspect of the question, and have not com-

pared the relative costs of bed and bouchot systems.

The Bay of Aiguillon, situated some miles north of La Rochelle,

is classic ground, for it was here that bouchots were first constructed,

and it is here that they are most fully developed. Bouchots are not

confined to this part of the French coast. I have also visitcid them
to the north of the embouchure of the Garonne, some distance south

of Rochefort, but in the latter place the mussel industry is subsidiary

to oyster culture, while at Aiguillon the mussel reigns supreme. To
visit the Aiguillon bouchots. La Rochelle is made the starting-point,

and the centres of the culture are Esnandes, Charron, and Marsilly.

* Seventh Annual Report of the Fishery Board for Scotland.

i Librairie Scientifiq'ue, Iridustrielle et Agricole. 15, Quai Malac^uais, Paris.
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The origin of the boiichots was a lucky hit due to the invention of an
Ivishnian, Walton, who was shipwrecked in the thirteenth century, and
who, for means of subsistence, set up poles on which to hang nets to

catch some of the numerous sea birds which frequented the vast stretches

of mud of the Bay of Aiguillon. The poles, which were set up for the

capture of birds in their flight by night, were found to be clothed with

mussels. This fact of the adherence of mussels to poles is well known
to the dwellers on our coasts, the rocks and piles of piers being covered

with mussel spat ; and at various places in Scotland the joung mussels

are transferred to ground where they will more rapidly grow and fill

up. A further fact is also recognised, that mussels which are attached

in this way seldom attain by growth either a large size or an elegant

form if they are left to remain in this position on rocks or posts. It

is to the recognition of these two facts that all mussel culture is due,

whether on the bed or bouchot system.

What is a bouchot ? The answer to this question, sometimes put by
fishermen and those connected with the fishing industry, is simple. The
bouchot is an arrangement of posts fixed into the ground of the fore-

shore destined for the collection of mussel spat, and for the attachment

of older mussels for growth and fattening. Five kinds of bouchots are

distinguished at Aiguillon occupying different zones, i.e., at varying levels,

but these may ultimately be reduced to two—viz., (1) bouchots for the

collection of spat, and (2) bouchots for the growth and fattening of

mussels.

1. Bouchots for the collection of mussel spat. These are situated

farthest from the shore, and consist of a series of posts almost 12

feet in length, driven for half their length into mud. This is the size

at Aiguillon, where the posts are small trunks of trees from 6 to 12

inches in diameter, and they are set at a distance of from 18 to 24
inches from each otlier. Except at the greatest spring tides these are

never, for their entire length, completely dry at low water. They are

generally set at right angles to the shore, or in the directions from which
the greatest forces come. In this way they present a much greater

resistance to the sea, as they are in the line of the greatest waves. Their
length, in a measure, depends on the height to which the tides of the

particular locality rise, and the distance to which they are driven, bv
means of mallets, into the ground depends on the nature of the sub-soil

—

whether, for example, mud continues for a great depth, or whether it is

soon succeeded by sand or by clay. The rows of posts at Aiguillon are

separated from each other by intervals of 25 to 50 yards, and each
row is composed of about 300 to 350 posts.

This outer zone of bouchots is known as the Bouchot d'avaJ. Its

function is for the collection of the free-swimming larvae which the ripe

sexual mussels of the more shoreward bouchots have emitted. The
mussel larv£e, like the oyster larv£e, lead a pelagic existence for a short

time after quitting the maternal mantle, and they attach themselves
by means of the silken-like threads which are spun by the byssus organ.

The byssus secretions, on being exuded from the byssus gland, which
lies on the posterior surface of the small foot, harden like tlie secretions

from the Spider's spinneret, and become thread-like, firmly anchoring the
young mussel or spat to the posts. The spat begins to settle on the
posts in the end of spring and beginning of summer, and by autumn
they have attained the size of haricot beans, when they arj fit to be
removed to the higher bouchots.

Generally at Esnandes from two to five zones or rows of barq, or

Bouchot d'avat, posts succeed each other in longitudinal line, successive
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zones or rows being separated from one another by water-ways of about

25 yards in breadth. In October when I visited the boucbots, the posts

were gradually becoming stripped of their carpeting of mussel spat. So
thick was this carpeting that half a dozen layers of young mussels were

superposed on one another, and but for a timely removal to another

place the upper layer of smaller mussels would asphixiate or starve the

lower layers of larger spat.

2. Boucbots for the growth and fattening of mussels succeed shore-

wards the spat collectors or Bouchots cVaval. At present the mussel

fishermen (houcheleurs) of the Bay of Aiguillon, in addition to Bouchots

d^aval, distinguish four kinds of bouchots—viz., (a) Bouchots hatisse ;

(b) Bouchots du has; (c) Bouchots hatards; (d) Bouchots d'amont. These

several bouchots may be treated together as they differ from one

another only in regard to their relative situation. They succeed each

other shorewards in the order above mentioned, the Bouchots batisse

being next the Bouchots d'aval, while the Bouchots d'amont are the

nearest to the shore.

At Esnandes the number of zones of all the bouch6ts vary from twelve

to seventeen as follows :

—

Bouchdts d'aval^ two to five; hatisse, two; has,

two; batard, four; amo7it, two to four. The farthest poles of the Bouchot

d^aval are about 3 miles from the shore. This gives one a good indica-

tion of the extent of the flat mud banks which border the southern

shores of the Bay of Aiguillon, and the distance of low-water mark
from high-water mark during the height of spring tides. Though the

tide tbbs for this distance opposite Esnandes, on the south of Point

St Clement the tide does not recede so far, as the dip of the shore is

greater at Marsilly than at Esnandes or Charron. Consequently, the

bouchot system is more developed opposite the last two places than

opposite the first-mentioned place.

The posts of these four kinds of bouchots are much the same in thick-

ness as those of the Bouchots d^aval, but they are not so closely set

together in the former as in the latter case. The difference in distance

of the posts of both kinds of bouchots amounts to about 1 foot. When
we keep in view the fact that the bare posts of the Bouchots d'aval act

simply as spat collectors, and that the greater the number of posts the

larger the extent of the collecting surface, and the fact that the posts of

the other bouchots are clothed with a species of basket-work or clayon-

nacje, and that the extra distance of the posts from one another does not

greatly alter the extent of surface for the attachment of mussels, we per-

ceive the reason. Not only are fewer posts required, but the clayonnage

is easier made, and the costs of construction and repair are less.

The clayonnage, or basket-work, is made by working flexible branches
round the posts in the same way as basketraakers intertwine twigs, fresh

or dried, round the ribs of the basket. The branches which are used for

this interlacing, alternately on one side of a post, and on the other of the

next post, are what is known in some parts of Scotland as ' suckers,' i.e.,

branches which contain a great quantity of sap in them when uncut, and
which are very flexible, and so can be bent easily between the posts.

Tliey vary in length from 12 to 18 feet, and at the thick end are from 1

to 2 inchp.s in diameter, thinning very gradually to a sharp point. There
is always an interval of from 6 to 12 inches, or sometimes even more, at

the bottom above the mud, where no branches are interlaced round the

posts. This is to prevent the accumulation of mud at the bottom of the

posts, which otherwise would rapidly silt up the bouchdts. It serves to

permit of the currents flowing freely ; and along the line of the bouchot
posts there is always more or less of a current running outwards during
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ebb tide and inwards during the flowing tide. This prevents the accumu-
lation of mud, which is so easily gathered on mussel ground.

While this portion of the bouchot posts is bare, the upper part, almost

to the lop, is covered by the interwoven branches. The branches are

laid on the top of one another, succeeding branches going round opposite

sides of the same post, and the thin ends of the branches alternate with

the thick ends of the branches above and below. In this way a very

substantial structure is made, where the surface of the post may be com-

pared to the base of a triangle, while the branches on both sides of the

post form the legs of the triangle, the apex of which is midway to the

next post. Tiie larger the branches are the greater is the number of posts

through which they can be laced. In actual construction the thick end
of the branch is always fixed first, the thin and more flexible end is then

intertwined round the posts. The branches of the basket-work, or clayon-

nage, are not always packed as closely as can be done ; the same result s

attained by loose as by close packing.

The form in which the bouchots were formerly constructed was V-shape,

with the apex pointed seawards ; but the prevailing form is now in

parallel lines, though an odd bouchot here and there still retains the

V-shape. As in the Bouchots d'aval, similar intervals are left between

each bouchdt to form water-ways for the passage of boats used by the

houcheleurs. To indicate ownership, the outer post of the bouchot has a

board with a number upon it.

As to the mode of working the bouchots, the posts of the Bouchots

d^avcd^ about the month of February, or before the spat is ready to be

affixed to the posts, are scraped bare of the barnacles and other animal

and vegetable growths. This gives the young mussel spat a clean surface

for attachment, otherwise the quantity of spat obtainable would be very

much lessened for the want of a sufficient space for resting-placei. This

periodic cleaning, therefore, ensures a greater amount of mussel seed for

stocking the wattled posts of the other bouchdts.

When the spat, which has attained the size of haricot beans, is

removed from the Bouchots d'aval, it may be enclosed in little bags made
of netting, or the bunches may be placed directly on the wattling.

Where the bunches can readily be placed between the posts and branches,

or can be squeezed between the branches, this is done directly ; but there

are always certain places to cover where this cannot be done. In this

case the bunches are enclosed in netting, which is tied on to the wattles.

The netting gradually rots, but not till long after the mussels are securely

fixed—as also happens in the former case—by their byssus threads to

their new position.

The farther up the shore the mussels are transferred the longer is the

time during each tide that they are uncovered. The usual procedure is,

therefore, not to remove the mussels further shoreward than the state of

the stocking of the bouchots demand. First, the Bouchots batisses are

stocked, then the Bouchots du has, and so on. The most shoreward

bouchdts are generally used for the mussels which have plrpady been
transferred some time previously from the Bouchots d'avcd to the lower
wattled posts. The mussels from the Bouchots d^amont, therefore, stand

land transport much better than do tlie mussels from the more seaward
bouchots; and it is also said that they improve in quality the higher up
they are on the posts, though this may be acce[)ted with caution.

One noticeable feature at the Bay of Aiguillon, even in quiet weather,

is the great amount of mud which the water carries in suspension. The
mud is HO deep on the bottom that progress by walking is impossible.

This was the case so far back as the days of Walton. He consequently
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constructed a kind of boat, by wbich progress could be made over the

mud to his structures for catching birds in his netting. This species of

boat, which has maintained its primitive shape to this day, is known as

an aeon. It is constructed of two planks of wood, which form the per-

pendicular sides, and a flat or slightly-rounded bottom plank which is

bent upwards at the prow, and also a small cross-piece joining the sides

and bottom and forming the stern." It is 8 feet in length and 18 inches

or so broad^ and is propelled by the houclieleur^ who rests one knee on
the bottom, and with a hand on either ' gun wale ' uses the second foot to

step on the mud and drive the aeon forward at each push of the foot.

The houchdeuT makes wonderful progress in this way, and does not

generally go in a straight line to the point which he wishes to reach.

He selects the parts of the mud banks which are most easily traversed,

and wherever there is a flowing rill he generally follows its course as far

as he finds it convenient. When he reaches open water, where the aeon

floats, he uses it as a boat, and pushes it forward by means of the long

pole of 8 or 10 feet, which is his only oar.

Alongside of this system of mussel farming no fishing of any great

importance takes place, but a few aeons may be seen engaged in shrimp

fishing. This fishing is carried on by means of hand-nets, not unlike

the haaf-imts of the Solway fishermen. The principal tidal currents run
along the lines of the bouchot posts, so the shrimp fisherman moors his

aeon to the end post of a bouchot and captures the shrimps, which move
outwards with ebb tide or shorewards with the flowing stream. The
shrimper begins operations at the higher situated bouchots, and as

the tide recedes moves to the outer or seaward bouchdts, and when
the tide turns he proceeds in a reverse direction, fishing during the

journey homeward. The engine of capture is composed of a long handle,

to which is affixed at its distal extremity a cross-piece. The net is laced

to this cross-piece, and its breadth is gradually contracted towards the

shrimper. At the distal end it will be several feet broad, gradually narrow-

ing to about 2 feet at its proximal end, where it is fixed to a light movable
cross-piece, which the fisherman holds in his hand. The modus operandi

begins by the fisherman laying the broad end in the water in the direc-

tion from which the current comes, and at the same time slacking the

hand cross-piece, then making the net 'bag.' When a sufficient number
of shrimps is obtained the net is raised, the short cross-piece is drawn
towards the fisherman, and the shrimps are emptied into the boat by the

narrow end of the net. The larger shrimps are selected from the catch,

and the smaller returned alive to the sea.

Bouch6t Experiment at St Andrews.

The bouchot erected by the Board at St Andrews consists of arms
with 47 yards of wattling— viz., north arm, 17 wattled posts; length of

wattling, 25 yards: south arm, 14 wattled posts; length of wattling,

22 yards. In addition there are 11 bare posts, with a flag-post at the apex.

Following the thirteenth-century plan, it is V-shaped, the unwattled posts

forming the apex. The posts are substantial trunks of trees, and the

intertwined branches are somewhat thicker than are the French wattles.

Notwithstanding, the whole structure is most substantial, and, unlike the

first bouchot constructed on the Leuchars side of the Eden, it still exists.

It is situated on the bank called the ' Green Dod ' on the plan of the

mussel scalps belonging to the town of St Andrews. The apex points in

a westward direction, and the lower arm is about the level of the lowest

tides, while the other runs along the gently rising mussel bank. When I
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first visited the bouchot I estimated the quantity in stock on it at about

15 cwt. of mussels, an estimate in which Mr Smith, the manager of the

St Andrews scalps, agreed. The mussels were fixed to the wattles by
netting, which in April 1890 was still fresh and good, and it struck me
at that time it might have been better if the mussels were retained by
their own unaided byssus threads, so that the effect of winter gales and
frosts on the mussels might be more exactly determined.

In Ma}'' 1890, 50 cwt. additional of mussels of varying sizes were

placed on it. The condition and size of the mussels placed on it were

noted and compared with the mussels on the beds alongside, in order that

further comparisons might be made.

When I last visited it, in April 1891, the most noticeable alteration

was the great accumulation of mud and the rapid silting up of the arms,

particularly of the lower arm. To permit of silting, the old V-shape, on
which plan it was constructed, offers greater advantages than does the

present shape of bouchot as developed in the Bay of Aiguillon—viz.,

parallel rows of posts. The silting had gone on to such an extent that

the lower branches of the wattling at the lower ends, and also in the

middle of the lower arm, were covered by more than a foot deep of mud.
While this has happened, it must be borne in mind there was the ordinary

free passage for mud below the wattles, and on the other hand it must be

noted that the growth of bed mussels, which always tends to heighten

the banks, had meanwhile been taking place alongside the bouchot. Still,

if the bouchot had been constructed, not in the old-fashioned V-shape,

but in the more recent single line, this silting would not have gone on to

such an extent.

In addition to the drawback of silting, which has taken place so that

some of the posts have only 2i- feet of their length above the level of the

mud, certain portions of the wattling were bared of mussels. This had
taken place, too, at parts where a good stock had been placed on the

wattles, and it was particularly noticeable in the lower limb on the out-

side at the east or open end of the V, and in the upper limb on the inside

on the higher ground, and on the outside on the lower ground near the

apex. What was the cause of this stripping of mussels off the wattles 1

I concluded it must have been the gales from a more or less westerly or

north-westerly directio!i, as, if it had been frost, the mussels at other

than these places on the bouchot would have suffered. My conclusion

was corroborated on inquiry at the mussel fishermen, who daily work on
the beds alongside.

In two respects, therefore—silting on the one hand, and the effect of

gales on the other—the bouchot experiment has not been successful.

Wherever the tendency to silting of the mud is great, and where the

currents to carry off the mud are not strong, wattled bouchots offer favour-

able conditions for the accumulation of mud and heightening of the banks.

This silting had also, I understand, taken place at a former boucliot

set up on the banks of the Eden, and will, I believe, take place, except

where a good current flows along the line of and at the bottom of the

bouchot posts.

But even a more interesting question than either of the physical con-

ditions noted is the biological one as to the growth of the mussel. The
St Andrews bouchot is fortunately placed alongside of mussel-beds, and
a comparison may be instituted as to the rate of growth. The bouchot
has only been under my observation for a year, so, to any opinion ex-

pressed, only a relative value must be attached. Judgment formed on
the observation of two or three years of the same structure and its stock

will effectually settle this point; but, still, at the end of one year's experi-
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ence, indications of what the answer will be are not awanting. That the

mussels on the wattles have outstripped in growth the mussels on the bed
alongside would be a rash conclusion in no way justified by the conditions

presently seen, and, conversely, the bed mussels cannot be said to have
grown much more than those on the wattles. In another year whatever
difference there is in the rate of growth will be better seen by an observer.

One thing, however, is certain, and that is that the mussels on the St

Andrews bouchot have not grown so rapidly as do the mussels on the

bouchots at the Bay of Aiguillon, so, in one aspect at least, the conditions

of French myticulture do not apply to the same system of myticulture

at St Andrews. But it is alleged that the quality or flavour of the

boucliot-grown nmssel in Scotland is superior to that of the bed-grown

mussels. This is a more difficult point to settle, as so much depends on
the quality of the sense of taste of the observer. That excellent mussels

in respect of flavour and quality are grown on bouch6ts is known to all

who have tasted the French grown bouchot mussels ; that excellent

mussels are produced on some of our Scottish beds is equally the truth.

Not every mussel, whether grown on bouchots or on beds, possesses the

delicacy of flavour which the epicure desires ; and I have found bed

mussels, grown alongside of the bouchot at St Andrews, which were equal

in quality and flavour to those grown on the bouchot. This question of

quality and flavour I prefer to leave in an undecided position for the

present at least.

As to the relative numbers of mussels present on the bouchot in 1890
and 1891, numerically 1891 far outstrips 1890 ; but we must distinguish

between mussels of seed size, which would be on the BoucJiots d'aval, and
mussels above, say, f or 1 inch, which would be present on the wattled

bouchots. The increase in numbers in 1891 on the bouchot is due to the

accession and fixing of embryo forms of about \ inch of the previous

season. The number of large mussels on the wattles, which were placed

there in 1890, is to-day less than at that date. This is to be attributed

to the number which was stripped ofl" the bouchot during the gales of

winter, as has been already noticed.

We have thus now only to deal with the bouchot as a seed collector.

There is a slight coating of mussels and barnacles on the unwattled posts,

but the coating of mussels is so small that even as a seed collector, put in

a fit condition to receive mussel spat, the bouchot, as placed on the banks

of the Eden, so far as the last spatting season is concerned, can only be

described as a failure. Before the bouchot as a seed collector can be

described as a success, the posts must be covered by at least one layer

of seed mussels, and this is very far from being the case. In the Bay of

Aiguillon each post of the Bouchot d'aval is clothed with thousands of

times more seed than is a similar post at the Eden.

The results, therefore, from this bouchot can in no way be compared,

as regards quantity produced, with the results obtained by the bouchots

at the Bay of Aiguillon. All the seed obtainable from all the unwattled

posts would not stock a square yard of the wattled posts, even though the

mussels were not placed on the wattling more than one quarter as thick

as the French boucheleurs place the mussel seed on their wattled posts at

Aiguillon.

Comparative Costs of French and Scottish Bouch6ts.

What has already been stated as to the year's results of the bouch6t

experiment at St Andrews, would make any prospective mussel cultivator

hesitate before engaging in mussel culture by means of bouchdts rather
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than on the successfully-tried bed system. There is one question, however,

which most advocates for Scottish bouchots avoid, viz., the costs of French
and Scottish bouchots.

It may be asked, Why do the French employ the bouchot rather than

the bed system 1 Many persons are under the impression that all mussels

are obtained in France from bouchots. This is a mistake, as mussels are

obtained in France from beds as well as from bouchots. The reason why
in such places as the Bay of Aiguillon bouchots are employed for mussel

growing, is that only on this system can mussels be reared in this locality.

The mud is so soft, and the shores are so flat, that mussel-beds are an
impossibility. Though mussels are constantly lost from the aeons, as

they are being transjDorted ashore, or from bouchot to bouchot, in a short

time all that is seen of them is only the empty shells, which a little rill

lays bare as it carves out for itself a channel through the mud. Mussels

lost from the aeons are almost immediately silted up by the very soft

mud, and the inevitable result is death to the molluscs. The softness or

hardness of the mud depends, again, on the neighbouring rocks which
have undergone denudation and supply the mud. Purely argillaceous

rocks will supply much softer material than will argillaceous rocks with a

mixture of arenaceous material in them. So will an argillaceous lime-

stone supply softer material than any rocks containing arenaceous matter.

This softness is emphasized when it is remembered that progress over

these mud banks at Aiguillon is impossible except by means of the aeon
or mud-boat.

Eighteen months ago I went into the question of costs for the erection

of bouchots at Aiguillon and in Scotland. The costs of the French
bouchots were obtained on the spot ; the costs of material for a bouchot
at Port-Glasgow were obtained from a very large buyer of natural wood
vu the west of Scotland. The French posts cost at Esnandes 1 fr. 20 c.

each, and each bundle of wattling, containing twelve branches, costs 20 c.

The Scottish posts cost 2s. 3d. each, and wattles Is. per cwt. The prime
cost for material for a bouchot of sixty-nine posts is therefore as follows:

—

French. Scottish.

69 posts at 1 fr. 20 c, . 82 fr. 80 c. 69 posts at 2s. 3d., £7 15 3

60 bundles wattling at 20 c, 12 fr. 0 c. SOcwt.wattlingatls., 2 10 0

Total, . . 94 fr. 80 c. £10 5 3

What therefore costs £3, 15s. in France costs £10, 5s. 3d. in Scotland,

i.e., the prime cost for material in Scotland is exactly three times the

cost for material in France. In the comparison from the point of costs

of material which I instituted, I started with the supposition—calling it

a sanguine hypothesis—of mussel cultivation on the bouchot system
being approximately equally as successful in Scotland as in France at the

Bay of Aiguillon, and concluded that the selling price of mussels in Scot-

land would require to be three times greater than in France. After an
interval of more than a year the comparison still obtains, with this

difference, that my sanguine hypothesis has been proved to be too

sanguine. That nothing like the same beneficial results can be looked for

in Scotland as accrue in France is now becoming apparent. One thing at

least is shown, that the past season's experience at the St Andrews
bouchot do«'S not support the hypothesis. Besides, the hypothesis was
stat(Hl after a recognition of the dilference of the climatal conditions of a

vine-growing land iuid of our more inhospitable country, and a recognition

of the differences of temperature of the Hay of Jiiscay and of the North
Sea.
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Mussels sold at Esnandes at 5 fr. per basket of 55 kilos., or about

<£3, 14s. per ton. The price of Scottish bouchot mussels, calculated on
the same scale, would be £10, 2s. per ton. Stated otherwise, if French
mussels grown on a bouchot, material for which cost the price stated

above, can be sold at £3, 14s. per ton, Scottish mussels, in order to yield

the same proportionate sum on the corresponding expenditure, would
require to sell at £10, 2s. per ton, a price which would place Scottish

mussels entirely beyond the reach of the Scottish line-fisher ui en.

Carrying the comparison still further, we may see if the profits, after

due allowance for wages and expenses of upkeep, will in any way modify
the above prices. At Esnandes I selected a typical case, particulars of which
I obtained from one of the bouchot-owners resi(iing there. The expendi-

ture on material for the erection of his bouchot was 2000 francs, and
from this he derived a profit of 250 francs after setting aside 1200 francs

for his year's labour and the maintenance of his bouchot. Stating this in

British currency, the amount of capital is £80 ;
wages, expenses for

implements, renewals, &c., amount to £48 ; and the profit is £10. In
other words, the profits are 12J per cent., or, reckoning profits and wages

and expenditure together, the French houclideur derives an income of

22s. 4d. per week. This amount of weekly earnings requires to cover

not only the wages of the houcheleui\ who is himself proprietor and work-

man, but also the interest on capital of £80, viz., £4, and the tear and
wear of acow, originally costing £2, and the repairs to posts and wattles,

which the bouchot is cqntinually needing; the necessary repairs I set

down at 12J per cent, of capital, viz., £10. This sum is sufficient to

satisfy the houcheleur, and he reckons it a fair income.

Applying the same calculation to a bouchot of the same size erected in

Scotland, what costs the French houcheleur £80 will cost for material the

Scottish fisherman £240. The annual interest on this at 5 per cent, will

amount therefore to £12, which falls to be deducted from the revenue

derived from the sale of mussels grown on the bouchot, and a further

deduction of 12| per cent, on the capital expenditure, viz., £30, requires

also to be made. Before, therefore, any income is derivable from a

Scottish bouchot costing £240, a deduction for interest and u[)keep of

£42 requires to be made from the gross revenue.

Supposing a Scottish bouchot was as successful in producing mussels

in quantity as is a French bouchot, and that mussels sold in Scotland at

£3, 14s. per ton, as in France, the Scottish bouchot costing £240 would
produce £58 worth of mussels. Deducting interest and cost of mainten-

ance (£42) from this gross revenue, then the clear yearly revenue from

the Scottish bouchot would be £16, or 6s. 6d. per week—a weekly wage

for tending the bouchot which would hardly satisfy even a Scottish fisher-

man, small as are his present weekly earnings. If the weekly wages

of a Scottish fishermen were 20s., then the gross revenue from his

bouchdt would require to amount to £94, always supposing that his

bouchot would produce a quantity of mussels equal to that produced on

a bouchot at Aiguillon. This would necessitate him selling his mussels

at £5, 19s. 9d. per ton. If, on the other hand, the Scottish bouchot

yielded the same quantity of mussels as the French, and the mussels sold

at £2 per ton, which is about the maximum sum a fisherman might be

expected to pay for mussels, then the net revenue from the Scottish

bouchot would be £31, 8s., or £10, 12s. less than the sum which would
require to be laid aside each year for interest and maintenance of the

bouchot. The direct loss to the fisherman would therefore be £10, 12s.,

and that, too, while the fisherman received nothing in the shape of wages.

If the Scottish bouchot were to yield the same amount of free revenue as
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the French, and mussels could be sold afc £2 per ton, then the Scottish

bouchot would require to yield three times the quantity of mussels that

the Aiguillon bouchots yield. From what has been already said as to

the experiment at St Andrews, the very opposite is the case ; the proba-

bility is, that at no place on the Scottish coast will bouchot mussel

culture yield the same results as does the system of bouchot culture in

France.

As to the figures of cost of material for the erection of bouchots in

Scotland, I have selected the very lowest estimate of the price of posts

and wattling ; and in partial corroboration, I may mention that one

witness* stated to the Mussel and Bait Commission, the costs of what I

have stated as £10, 5s. 3d., as £17, 17s. If, therefore, his estimate were

taken as to costs, instead of mussels being sold at £5, 19s. 9d. per ton in

Scotland, they would require to be sold at a much higher price than this

if the fisherman was to obtain wages at 20s. per week.

Conclusion.

The bouchot experiment, therefore, does not promise to yield in Scot-

land the same good results as in France. This is due to the character of

the mud along our shores, to the climatal conditions of our Scottish

waters, and the influence of these on animal life. But the financial

aspect of the question, as shown above, is absolutely fatal to the system.

I cannot conceive what modifications of the bouchdt system would be
likely to yield results which would benefit the fishermen of Scotland,

nor mitigate in any important degree the mussel famine ; while the bed
system only requires to be developed in suitable localities in order that

fishermen may obtain an ample supply of bait at a cheap rate and on
sound financial principles.

* Report of Committee on Scottish Mussel and Bait Beds, p. 149, 1889.
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SECTION B.—BIOLOGICAL INVESTIGATIONS,

I._ON THE FOOD OF FISHES. By W. Ramsay Smith, B.Sc.

The following pages embody the results of a third year's observations

on the food of fishes, carried out by Mr Thomas Scott, F.L.S., on board

the 'Garland.' The observations have not been made so uniformly as

in the preceding two years, but the results are none the less instructive

on that account. Speaking generally, one may say that the results point

very emphatically to the same conclusion as those of the former years and
confirm in a remarkable degree the view that the ' ground food ' of the

various species of fish differs very little from year to year in the same
locality. A statement of the food of the most important fishes in the

Firth of Forth and St Andrews Bay, where the records have been most
complete, would add but little information to the brief resume given in

last year's Report, and I therefore refrain from giving such a statement.

I ought to say, however, that the results of the three years' investigations

form a body of facts at the disposal of the Fishery Board that for extent,

and completeness is, so far as I am aware, not only unequalled but

likely to remain so for some time to come. An exhaustive treatment of

these investigations would be no light task ; but considering its import-

ance, it is one that deserves to be undertaken. Observations have been

made by other naturalists in the service of the Board upon the food of

fishes at various parts of the coast which are available for purposes of

comparison, and from looking over these I gather that from all these

investigations, one may confidently affirm that a good deal can now be

definitely stated regarding the food of a number of species of fish at

diff'erent seasons, and at different places, a subject regarding which very

little was known.

I. FIRTH OF FORTH.

Plaice.

(Pleuronedes platessa.)

Of 236 stomachs examined 63 were empty, and the contents of 3 were
indistinguishable:"^ 170 contained matter that could be identified. The
following notes refer to these 170 :

—

Echinoderms were found in 23 stomachs (13 %). They consisted of

(1) Ampliiwa, at Station V., in one in July ; and at Station VII., in six

in July and in four in September : (2) Ophioglypha, at Station VI., in

one in July, in three in September, and in one in February : (3) Amplii-

dotuSj at Station VI., in one in September and in one in November ; and

at Station VIII., in two in October: (4) unidentified sand-stars, at Station

II., in one in October ; at Station IV., in one in July ; and at Station VI.,

in one in September.

Annelids were found in 98 stomachs (57 %). They consisted of (1)

* Those recorded as ' indistinguishable' generally contained some pulp or mucus.
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Sdbella, at Station IV., in two in September, in one in December, and in

two in February : (2) Friapulus, a^t Station III., in one in September
;

at Station V., in one in February ; at Station VI., in one in July ; and at

Station VII., in one in July : (3) Aphrodite^ at Station II., in one in

October ; and at Station V., in one in November : (4) Nereis^ at Station

IV., in one in February. A planarian was found at Station IX., in one

in December. Unidentified annelids were found in 86 stomachs, viz.—at

Station I., in six in July, in one in November, and in one in February
]

at Station II., in five in February ; at Station III., in six in J uly, in four

in September, in seven in October, in one in November, and in three in

February; at Station IV., in one in July, in one in September, in six in

November, in one in December, and in three in February ; at Station V.,

in four in July, in three in October, in five in November, and in four in

February ; at Station VI., in one in September and in one in February
;

at Station VII., in one in July, in two in September, in five in October,

in one in November, and in two in February ] at Station VIII., in three

in July, in two in September, and in two in October ] at Station IX., in

one in July, in one in September, in one in October, and in one in

December.

Arthropods were found in 7 stomachs (4 %). They consisted of (1)
Portunus, at Station IV., in one in July, in one in November, and in one

in February : (2) Hyas (sp. coardatus), at Station IV., in one in July

:

(3) Porcellana (sp. longicornis), at Station IV., in one in July : (4) Am-
pelisca, at Station III., in one October : (5) unidentified amphipods, at

Station VI., in one in September.

Molluscs were found in 77 stomachs (45 %). They consisted of (1)

Scrohicularia, at Station I., in one in July and in two in February ; at

Station II., in seven in July, in three iu October, and in seven in February
;

at Station III., in three in July, in four in September, in five in October,

and in three in February ; at Station IV., in four in September, and in

one in November; at Station V., in three in July, in three in October,

and in one in February ; at Station IX., in two in October and in one in

December : (2) Solen, at Station II., in one in July ; at Station IV., in

two in July, in four in October, in five in November, in one in December,
and in two in February ; and at Station VI., in one in July : (3) Nucida,
at Station II., in one in July ; at Station VII., in one in September ; and
at Station VIII., in one in September : (4) PsammoMa, at Station VI.,

in one in July: (5) Astarte (sp. compressa), at Station VII., in one in

July : (6) Cardium (sp. echmatum)^ at Station VII., in one in July.

Ascidians.—At Station VII., ascidians (Pelonaia) were found in one in

September and in two in February.

Fish were found only at Station VI. They consisted exclusively of

sand-eels {Ammodytes), and were found in five in July, in one in September,
and in two in November.

Lemon Soles.

(Pleuronectes microcephalus.
)

Of 149 stomachs examined 48 were empty, and the contents of 9 wet6
indistinguishable : 92 contained matter that could be identified.

Ec.hinoderms (unidentified star-fish) were found at Station II., in one in

February.

Annelids were found in 81 stomachs (88 %). They consisted of (1)
Sahellay at Station I., in seven in July ; at Station III., in two in
February ; and at Station VIII., in one in October : (2) Sijnmnihis, at
Station II., in one in July; at Station III., in one in October; and at
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Station VII., in one in October : (3) unidentified annelids, at Station I.,

in two in December and in two in February; at Station IL, in three in

July, in four in October, and in one in February ; at Station III., in six

in July, in four in September, in three in October, in one in November,
and in one in February ; at Station IV., in two in October and in one in

November ; at Station V., in three in July, in five in September, and in

three in February ; at Station VL, in five in July and in five in September

;

at Station VII., in five in July and in four in September ; and at Station

VII., in two in July and in four in September.

Arthropods were found in 17 stomachs (18 %). They consisted of (1)

Etipagurus (species chiefly bernhardus), at Station I., in one in July ; at

Station II., in one in July; at Station III., in three in July, in one in

September, in two in October, and in one in November ; at Station IV.,

in one in July ; at Station VI L, in one in October ; and at Station VIIL,
in one in September: (2) Portunus, at Station III., in one in July: (3)

Porcellana (sp. longicornis), at Station II., in one in February : (4) larval

Crustacea, at Station V., in one in July : (6) unidentified Crustacea, at

Station I., in one in February ; and at Station V., in one in February.

Molluscs were found in 10 stomachs (10 %). They consisted of (1) .

Scrobicidaria, at Station III., in one in September : (2) Eolis, at Station

VIIL, in one in July : (3) unidentified nudibranchs, at Station II., in one

in February ; at Station III., in one in September ; and at Station VIIL,
in one in September: (4) unidentified gastropods, at Station I., in one in

July ; at Station IL, in one in July ; at Station III., in one in September
and in one in October ; and at Station V., in one in September.

Common Dabs.

(Pleuronectes Iwianda.)

Of 269 stomachs examined 135 were empty, and the contents of 3 were

indistinguishable: 131 contained matter that could be identified.

Echinoderms were found in 36 stomachs (27 %). They consisted of

(1) Ophioglypha, at Station IL, in one in May and in one in December;
at Station IV., in two in May ; at Station VI. , in one in May and in five

in August ; at Station VIL, in one in August and in one in February

;

and at Station VIIL, in one in August : (2) Amphiura, at Station IL, in

one in May; at Station VI. , in one in May ; at Station VIL, in four in

May, in one in October, in one in November, and in two in February
;

and at Station VIIL, in one in August : (3) OpJiiothrix (sp. rosula), at

Station IL, in four in October : (4) AmpMdotuSy at Station VL, in two

in October : (5) unidentified sand-stars, at Station IV., in one in October

and in one in December ; and at Station VL, in two in October and in

one in November : (6) unidentified holothurians at Station IV., in one in

November.
Annelids were found in 17 stomachs (12 %). They consisted of (1)

Sipunculus, at Station VIL, in one in May : (2) unidentified annelids, at

Station L, in one in November ; at Station II. , in one in May ; at Station

III., in one in August and in one in October ; at Station V., in one in

October ; at Station VIL, in one in May, in three in November, and in

three in February ; at Station VIIL, in two in October and in one in

February ; and at Station IX., in one in May.
Arthropods were found in 73 stomachs (55 %). They consisted of (1)

Eupagurus (sp. bernhardus and Iwvis), at Station L, in seven in May, in

three in December, and in eight in February ; at Station IL, in one in

May, in two in October, and in two in February ; at Station III., in three



of the Fishery Board for Scotland. 225

in May, in two in August, in six in October, in one in November, and in

one in February ; at Station IV., in one in May and in two in December;
at Station Y., in three in August, in one in November, and in two in

February; at Station VL, in one in August; at Station VII., in one in

May, in one in August, and in three in February ; at Station VIII., in

one in May, in two in August, in three in October, and in two in February
;

and at Station IX., in one in May and in one in October : (2) Fortumis,

at Station IV., in one in November and in one in December; and at

Station VII., in one in August and in two in November : (3) Crangon,

at. Station III., in two in February : (4) Amjjelisca (sp. macroceijhala), at

Station VIIL, in one in May : (5) Mysis, at Station VIII., in one in

October : (6) unidentified amphipods, at Station VL, in one in August

:

(7) larval Crustacea, at Station V., in one in May : (8) unidentified

Crustacea, at Station VIII., in one in October.

Molluscs were found in 24 stomachs (18 %). They consisted of (1)

Scrohicularia^ at Station I., in two in May and in two in February ; at

Station III., in one in August ; at Station V., in one in May ; at Station

VIIL, in one in August ; and at Station IX., in one in August : (2)

Solen^ at Station II., in two in May ; at Station III., in one in February

;

and at Station VIL, in one in May: (3) Pecten (sp. opercularis), at

Station L, in February ; at Station III., in October, and probably as bait

at Station IIL, in May ; and at Station VIII., in October : (4) Cardium,
at Station VIL, in one in November : (5) Corhida (sp. gihba), at Station

VIL, in one May : (6) Rossia, at Station VL, in one in November : (7)

unidentified nudibranchs, at Station I., in one in February : (8) unidenti-

fied gastropods, at Station IIL, in August : (9) unidentified molluscs, at

Station IV., in one in October.

Ascidians (Polonaia) were found at Station VL, in one in October

;

and unidentified ascidians, at Station IV., in one in October ; and at

Station VIL, in one in November.
Fish were found in 4 stomachs (3 %). They consisted of (1) herrings

or sprats at Station IIL, in one in May : (2) unidentified fish, at Station

L, in two in February ; and at Station III., in one in August.

A zoophyte (Eudendrium) was found at Station IL, in one in October

:

Medusidce were found at Station VIL, in one in May : and a ctenophore

(1 Beroe) was found at Station IX., in one in February.

Long Rough Dabs

(Hippoglossoides Umandoides.

)

Of 381 stomachs examined 260 were empty.

Echinoderms were found in 37 stomachs (30 %). They consisted of

(1) Op)hioglyp)ha, at Station L, in one in September; at Station IL, in

five in July ; at Station IIL, in one in July ; at Station VL, in two in

August and one in October; at Station VIL, in two in September and
in three in October; and at Station VIIL, in one in August: (2)
Amjjhiura, at Station VIL, in four in August, in one in November, and in

one in February ; at Station VIIL, in one in February ; and at Station

IX., in one in September: (3) OpliiotJirix^ at Station I., in one in

July; at Station IL, in two in July and in one in October; and at Station

IIL, in one in July : (4) Asferins, at Station V., in one in February : (5)

unidentified star-fish, at Station V., in one in November; at Station VL,
in two in October; and at Station VIII., in one in October: (G) uni-

dentified sand-stars, at Station IL, in one in December ; and at Station

VL, in one in October.
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Annelids (unidentified) were found in 4 stomachs (3 %)—at Station

1., in one in July ; at Station II., in one in July ; at Station III., in one

in September ; and at Station IX., in one in September. Sagittx were

found at Station I., in one in February.

Arthropods were found in 57 stomachs (47 %). They consisted of (1)

Crangon, at Station I., in three in November ; at Station II., in one in

December; at Station III., in two in October, in one in November, and in

three in February ; at Station IV., in one in November ; at Station V.,

in one in July, in one in August, and in two in February; at Station Vll.,

in one in November and in one in December ; at Station VIII., in two in

September and in one in October ; and at Station IX., in one in August,

in one in September, and in one in October : (2) EapaguruSy at Station

III., in one in July and in one in September; at Station V., in one in

July and in two in September ; and at Station VIII., in three in

September and in three in October : (3) Portunus, at Station I., in one in

November; at Station III., in one in July and in two in October; and
at Station VII., in one in November : (4) Pandahis, at Station t., in one

in November and in one in February; and at Station V., in one in July

and in two in February : (5) Mysis^ at Station V., in one August; and at

Station IX., in one in September and in one in October : (6) Ampelisca^

at Station V., in one in August ; and at Station VIIL, in one in

August : (7) unidentified schizopods, at Station V., in one in February

:

(8) unidentified Crustacea, at Station V., in one in September; at

Station VI., in three in October ; and at Station IX., in one in

September.

Molluscs were found in 9 stomachs (7 %). They consisted of (1)

ScroUcularia (sp. nitida and alha), at Station V., in three in February

;

and at Station IX., in two in September and in one in October: (2) Madra,
at Station V., in one in July : (3) Sole7i, at Station V., in one in August

:

(4) Possia, at Station V., in one in November.
Fish were found in 20 stomachs (16 %). They consisted of (1) gobies,

at Station I., in two in November and in one in February ; at Station

III., in one in February ; at Station IV., in one in November ; at Station

VII., in one in October ; and at Station IX., in one in August : (2) long

rough dabs, at Station V., in one in July ; at Station VII., in one in

September ; and at Station IX., in one in August : (3) gurnards, at

Station VII., in one in September : (4) pogge, at Station III., in one
in October : (5) herrings, at Station V., in one in February : (6)
sand-eels, at Station VIIL, in one in February : (7) unidentified fish,

at Station II., in one in July and in two in October ; at Station VIII.,

in one in August ; and at Station IX., in two in September.

Witch Soles.

(Pleuronectes cynoglossus.)

Of 25 stomachs examined 7 were empty and the contents of 1 were
indistinguishable : 17 contained matter that could be identified.

Echinoderms (Amphiura) were found at Station VII., in one in

November.
Annelids were found in 17 stomachs (17 %). They consisted of (1)

Sabella, at Station V., in one in September; and at Station VIIL, in one

in November: (2) Priapulus, at Station VIIL, in one in November and in

one in February : (3) unidentified annelids, at Station V., in one in

September, in one in November, and in one in February ; at Station VII.,

in five in October, in two in November, and in one in February ; and at

Station VIIL, in one in October and in one in November.
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Arthropods were found in 4 stomachs (23 %). They consisted of (1)

Am2:>eUsca, at Station VIII., in one in September and in two in October :

(2) Crangon, at Station VIII., in one in October.

Molluscs (Philine) were found at Station VIII., in two in October.

Flounders.

(Fleuronectes flesus.)

Of 4 stomachs examined 3 were empty. Molluscs (Solen) were found
ill the remaining one at Station II., in July.

Gurnards.

{Trigla gumardus.)

Of 137 stomachs examined 45 were empty,

Echinoderms (Ophiothrix) were found at Station VII., in one in July.

Unidentified annelids were found at Station VII., in one in July ; and

at Station IX., in one in August.

Arthropods were found in 85 stomachs (92 %). They consisted of (1)

CrangoJi, at Station III., in one in September and in four in October

;

at Station V., in one in July, in two in September, and in two in

October ; at Station VI., in two in November ; at Station VII., in one in

September and in two in October ; at Station VIII., in three in August,

in one in September, in three in October, and in one in December ; and
at Station IX., in three in August, in three in September, in two in

October, and in one in December: (2) Portunus, at Station I., in one in

July ; at Station II., in one in July and in one in October ; at Station

III., in two in July, in two in September, and in one in October; at

Station IV., in two in July ; at Station V., in one in July and in one in

August ; at Station VII., in one in July and in three in October ; at

Station VIII., in one in August and in three in October ; and at Station

IX., in one in October : (3) Pandalus, at Station I., in two in July

;

at Station II., in one in October; at Station III., in two in July, in two
in September, and in one in October; at Station IV., in two in July,

in one in August, and in one in October ; at Station V., in one in July
;

at Station VII., in one in July and in one in September; and at Station

VIII., in one in September : (4) Eupagurus, at Station t., in one in July;

at Station IIL, in one in September ; at Station IV., in one in July ; and
at Station V., in one in July : (5) AmjieHsca, at Station III., in one in

October ; at Station VIII., in one in August ; and at Station IX., in one in

December : (6) Porcellana (sp. longicomis), at vStation IV., in one in July

and in one in October : (7) Erythrops^ at Station VIII., in one in August

;

and at Station IX., in one in September : (8) Portunus (sp. corrugatns)^

at Station VI., in one in July : (9) Corysti>i, at Station VIII., in one in

September: (10) DiastgHs, at Station VII., in one in October: (11)
Mysis, at Station VIII., in one in October: (12) unidentified cumacea,

at Station III., in one in October ; at Station VII., in one in September
and in one in 0<;tober ; at Station VIII., in two in August and in one in

September; and at Station IX., in two in October: (13) unidentified

schizopods, at Station If., in two in October ; at Station V., in one in

September ; and at Station IX., in one in October: (14) larval deca!>ods,

at Station V., in three in July: unidentified ami)hipods, at Station V., in

one in July ; and at Station IX., in one in October.



228 Part III.—Ninth Annual Report

Fish were found in 16 stomachs (17 %). They consisted of (1) sand-

eels, at Station VI., in one in July and in one in September : (2) long

rough dabs, at Station VIIL, in one in August : (3) pogge, at Station VI.,

in one in September : (4) unidentified fish, at Station II., in one in

October ; at Station IV., in one in October ; at Station V., in one in

September ; at Station VI., in two in July and in one in September ; at

Station VIII., in one in August, in one in September, in one in October,

and in one in December ; at Station IX., in one in September and in one

in October.

Cod.

(Gadus morrhua.)

Of 139 stomachs examined 13 were empty.

Echinoderms (Ophiothrix) were found at Station IL, in one in July.

Annelids (Aphrodite) were found at Station III., in one in October;

and at Station V., in one in September.

Arthropods were found in nearly every stomach. They consisted of (1)

Eupagurus (sp. chiefly hernhardus and Icevis), at Station I., in one in

December ; at Station II., in five in July and in one in October ; at

Station III., in three in September, in three in October, in three in

November, and in one in February ; at Station IV., in two in July, in one

in October, and in three in Novembor ; at Station V., in two in July and

in one in February ; at Station VI., in two in September and in one in

October ; at Station VII., in four in November and in one in December
;

and at Station VIIL, in six in October and in two in December : (2)

Portunus (sp. Iwlsatus and depurator), at Station I., in one in July, in

three in November and in one in December ; at Station II., in five in

July ; at Station III., in three in September, in eight in October, and in

one in November ; at Station IV., in five in July ; at Station V., in one

in October and in one in November ; at Station VII., in one in December;

at Station VIIL, in one in July, in two in September, and in three in

October ; and at Station IX., in two in September and in one in October :

(3) Crangon at Station I., in one in July; at Station IL, in one in

December ; at Station IV., in one in October and in three in November
;

at Station V., in one in September, in one in October, and in two in

November ; at Station VL, in one in October ; at Station VIL, in five in

November and in three in December ; at Station VIIL, in six in October

and in two in December ; and at Station IX., in two in October : (4)

Nephvps, at Station III., in two in October and in one in December ; at

Station V., in one in July, in one in September, in four in October, and
in one in November ; at Station VIIL, in one in July and in one in

September ; and at Station IX., in one in September : (5) Pandalus, at

Station I., in one in November and in four in December ; at Station

IV., in two in October and in two in November ; at Station V., in one

in July and in one in September; and at Station VIL, in one in

November; (6) GaJathea, at Station L, in three in November ; at Station

v., in one in July ; and at Station VIIL, in one in July : (7) PoixeUana,

at Station L, in one in November and in one in December ; and at

Station IV., in one in October : (8) Balanus^ at Station VL, in one in

October
; (9) Hyas (sp. coardatus), at Station II. , in one in February

:

(10) unidentified schizopods, at Station I., in one in July: (11) un-

identified Crustacea, at Station IV., in one in October; and at Station

IX., in one in July and in two in October.

Molluscs were found in 7 stomachs (5 %). They consisted of (1)

Buccinum, at Station IL, in one in July; and at Station III., in one in
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October and in one in November : (2) Pecten (sp. opercularis)^ at Station

I., in two in November ; and at Station IL, in one in December : (3)

Solen, at Station IV., in one in December.

Fish were found in 74 stomachs (58 %). They consisted of (1) long

rough dabs, at Station I., in one in December and in one in February ; at

Station III., in one in September and in one in October ; at Station Y.,

in one in July, in one in September, in one in November, and in two in

February ; at Station YIII., in two in February ; and at Station IX., in

one in July and in one in October : (2) whitings, at Station I., in one

in February ; at Station II., in one in July and in one in December ; at

Station IIL, in four in November ; at Station VII., in one in December
;

at Station VIII., in one in July and in one in December ; and at Station

IX., in one in July : (3) herrings, at Station I., in two in December and
in one in February ; at Station IV., in one in December ; and at Station

YIL, in one in February : (4) haddocks, at Station III., in one in

November ; at Station V., in one in July and in one in September ; and
at Station VIII., in one in July : (5) Lwmpenus, at Station VIII., in two
in September ; and at Station IX., in one in July : (6) common dabs, at

Station I., in one in February ; at Station IL, in one in October ; and at

Station V., in one in February : (7) pogge, at Station IL, in one in

December ; at Station V., in one in October ; and at Station VIIL, in one

in October : (8) cod, at Station L, in one in February ; at Station IIL,

in one in November ; and at Station V., in one in February : (9) Sand-
eels, at Station IV., in two in November : (10) sprats, at Station IV., in

one in November: (11) three-bearded rockling, at Station IX., in one in

July: (12) unidentified fish remains, chiefly of flat-fish, at Station I., in

one in July and in two in November ; at Station II. in one in October,

in two in December, and in one in February ; at Station IIL, in

two in November and in two in February ; at Station IV., in one in

October ; at St ition V., in one in September, in two in October, and in

two in November ; at Station VI., in one in September and in one in

October
; at Station VIIL, in one in October and in three in December

;

and at Station IX., in one in October. Fish ova were found at Station L,

in one in February.

A ctenophore (sp. ?) was found at Station VI., in one in October.

Haddocks.

{Gadus ceglefinus.)

Of 149 stomachs examined 26 were empty.

Echinoderms were found in 50 stomachs (40 %). They consisted of

(1) Amphiura, at Station IL, in one in July, in one in October, and
in one in December ; at Station VII., in twelve in July, in one in October,

in three in November, and in five in December ; at Station VIIL, in one
in September ; and at Station IX., in one in September : (2) Ophio-

ghjpha, at Station IL, in two in July ; and at Station VL, in four in

July, in one in September, and in two in October : (3) Echinocyamus^ at

Station VL, in one in July, in one in September, and in two in October
;

and at Station VIIL, in August : (4) Ophiothrix^ at Station V., in one in

October; and at Station VIIL, in one in December: (5) AsteriaSy at

Station IL, in one in October : (6) unidentified sand-stars, at Station II.

,

in two in October and in three in December ; and at Station IX., in one
in October.

Annelids were found in 31 stomachs (25 %). They consisted of (1)
Aphrodite^ at Station IL, in one in July and in one in December

; at
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Station V., in one in October ; at Station VII., in two in December ; and

at Station VIIL, in three in September and in one in October : (2)

Priapulus (sp. caudatus), at Station YII., in two in July : (3) unidenti-

fied annelids, at Station L, in one in December ; at Station II., in one in

July and in one in December; at Station V., in two in September, in one

in October and in two in November ; at Station VII., in two in November
and in one in December ; at Station VIIL, in four in August, in one in

September, and in one in December; and at Station IX., in one in

September and in one in December.

Arthropods were found in 65 stomachs (52 %). They consisted of (1)

Ampelisca, at Station II., in one in July and in one in December; at

Station VI., in one in October ; at Station VIL, in two in July, in one

in October, and in two in December ; at Station VIII., in one in September;

and at Station IX., in one in August, in one in September, in two in

October, and in one in December : (2) Eupagimis, at Station IL, in two

in October ; at Station VII., in two in July and in two in December
;

at Station VIII., in two in December ; and at Station IX., in one in

August, in one in September, and in two in December : (3) Fortunus, at

Station II., in one in October ; at Station IV., in three in July ; and at

Station VIL, in three in October, in one in November, and in one in

December: (4) Crangon^ at Station IL, in one in October and in one in

December; at Station VIL, in three in October and in one in November;
and at Station VIIL, in three in December : (5) Pandalus^ at Station V.,

in one in August ; and at Station VL, in one in September : (6) Nephrops^

at Station V., in two in November: (7) Mj/sis, at Station IX., in one in

September: (8) unidentified camacea, at Station VIII., in two in August
and in one in September ; and at Station IX., in three in August and in

two in September : (9) unidentified anaphipods, at Station VL, in one in

September; and at Station IX., in two in October: (10) unidentified

Crustacea, at Station VIL, in one in October ; at Station VIIL, in one

in December; and at Station IX., in five in October.

Molluscs were found in 56 stomachs (45 They consisted of (1)

Scrohicularia^ at Station V., in seven in July, in four in August, in five

in September, in one in October, and in one in November ; at Station

VIIL, in two in September and in one in December ; and at Station IX.,

in eight in August and in two in September : (2) Solen, at Station IL, in

three in July and in three in December ; at Station IV., in one in July
;

at Station V., in one in August ; at Station VL, in one in October ; and
at Station VIL, in two in July and in two in November : (3) Philine, at

Station IL, in one in December; at Station VIL, in three in November
and in two in December ; and at Station VIIL, in one in December : (4)

Montacuta, at Station VIL, in two in July : (5) Corhida^ at Station VIL,
in one in July : (6) Natica (sp. alderi), at Station VIL, in one in October:

(6) cuttle-fish, at Station VL, in one in July.

Ascidians were found at Station VIL, in one in July.

Fish were found in 5 stomachs (4 7o)- They consisted of (1) sand-

eels, at Station VL, in one in October : (2) herrings, at Station L, in

one in December : (3) unidentified fish remains, at Station IL, in one in

October and in one in December; and at Station V., in one in

September.

Whitings.

(Gadus merlangus.)

Of 247 stomachs examined, 135 were empty, and the contents of 2

were undistinguishable, 112 contained matter that couI(i be identified.
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Echinoderms {Amphium) were found at Station V., in one in August.

Ajinelids were foand.in 2 stomachs (1 %). They consisted of (1)

Ammotrijpane, at Station lY., in one in December : (2) unidentified

annelids, at Station IV., in one in December.
Arthropods were found in 47 stomachs (41 °/^). They consisted of (1)

Crangon^ at Station I., in three in December ; at Station III., in one in

July; at Station IV., in one in ^^ovember and in one in December; at

Station V., in one in October and in one in February ; at Station VL,
in three in October ; at vStation VIL, in one in September and in one

in November ; at Station VIII., in one in August and in one in

February ; and at Station IX., in one in August, in two in December, and
in three in February : (2) Pandahis, at Station IV., in one in November ;

at; Station V., in one in February ; at Station VI., in one in October ; at

Station VII., in one in July ; and at Station VIII., in one in December

:

(3) Portunus, at Station L, in one in December; at Station IV., in one

in July and in one in November ; and at Station VI., in one in October

:

(4) Eupagurus, at Station IV., in one in November; at Station VI., in

one in September ; and at Station VII., in one in July : (5) Atylus, at

Station V., in one in August : (6) Mgsis, at Station IV., in one in

December : (6) unidentified cumacea, at Station VIII., in one in August

:

(7) unidentified schizopods, at Station V., in three in August ; and at

Station VIII., in one in August : (8) unidentified amphipods, at Station

IV., in one in December : (9) unidentified Crustacea, at Station IV., in

one in October and in two in December ; at Station V., in one in

October ; and at Station IX., in one in December.

Molluscs were found in 5 stomachs (4 °/^). They consisted of (1)

Eossia, at Station VIII., in two in December and in one in February

:

(2) Pecten, at Station V., in one in November : (3) an unidentified

cephalopod, at Station VL, in one in October.

Fish were found in 74 stomachs (66 They consisted of (1)
herrings or sprats, at Station I., in one in December and in one in Feb-
ruary ; at Station II., in one in July ; at Station III., in one in Septem-
ber; at Station VI., in one in October; at Station VII., in one in

September and in one in November ; at Station VIII., in one in August
and in t\YO in December ; and at Station IX., in one in September and in

one in October: (2) whitings, at Station IIL, in one in October; at

Station V., in one in October ; at Station VIII., in one in February ; and
at Station IX., in one in December: (3) pogge, at Station VIII., in one
in December : (4) Lwnpenus, at Station IX., in one in August : (5) long

rough dabs, at Station II., in one in October : (6) unidentified flat-fish, at

Station VIL, in one in July: (7) unidentified fish remains, at Station I.,

in three in July, in three in November, and in three in December ; at

Station II., in two in October and in three in December; at Station III.,

in four in October and in one in November ; at Station IV., in two in

July, in two in October, and in one in December; at Station V., in four

in- September, in one in November, and in one in February; at Station

VL, in one in July, in two in September, and in four in October ; at

Station VIL, in one in July and in three in October : at Station VIII.,

in one in August, in one in September, in one in October, in three in

December, and one in February ; and at Station IX., in one in August,
in one in Scpteuiber, in one in October, and in one in December.
A ctenophore (sp. ?) was found at Station VIIL, in one in August.
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Skate.

{Rata batisj R. davata, and R. radiata.)

Of 62 stomachs examined, 22 were empty.

Unidentified Annelids were found at Station IX., in two in October.

Arthropods were found in almost all the stomachs. They consisted of

(1) Portunus^ at Station II., in one in December ; at Station III., in two in

August and in one in February ; at Station IV., in six in July ; at Station

VI., in one in October; at Station VII., in eleven in October; and at

Station VIIL, in two in October : (2) Crangon, at Station II., in three

in October, in one in December, and in one in February ; at Station lit.,

in one in February ; at Station VI., in one in October and in one in

November ; at Station VII., in eight in October ; at Station VIIL,
in two in October ; and at Station IX., in two in October : (3)

Eupagurus, at Station II., in one in October; at Station III., in

one in October ; at Station IV., in one in July ; and at Station VII.,

in two in October: (4) Pandcdus, at ^Station III., in one in October; at

Station IV., in one in July; and at Station VIL, in one in July: (5)

Gorystes, at Station VIL, in one in October : (6) Ampelisca, at Station

IX., in one in October : (7) Hyas, at Station IL, in one in December.
Fish were found in 7 stomachs (17 °/^). They consisted of (1) whitings,

at Station VIIL, in one in October : (2) herrings, at Station IL, in one

in December: (3) gobies, at Station IL, in one in February : (4) common
dabs, at Station VIIL, in one in October : (5) long rough dabs, at Station

VL, in one in November : (6) unidentified flat-fish, at Station IX.,

in one in October : (7) unidentified fish remains, at Station VIL, in one

in July.

Cat-Fish.

(Anarrhichas lupus.)

Of 15 stomachs examined, none were empty.

Echinoderms {Ophiothrix) were found in 4 stomachs (26 °/^). At Station

I., in three in February ; and at Station L, in one in July.

Annelids {Aphrodite) were found at Station III., in one in July.

Arthropods were found in 4 stomachs (26 °/^). They consisted of (1)

Hyas (sp. arenaria and coardatus), at Station II., in one in July and in

one in February ; and at Station VIL, in one in February: (2) Eupagurus,

at Station VIL, in one in February : (3) Portunus^ at Station IL, in one

in July.

Molluscs were found in 12 stomachs (80 They consisted of (1)

Peden^ at Station I., in four in February ; at Station IL, in one in July

;

and at Station V., in two in February : (2) Gardium (sp. echinatum)^ at

Station II. , in one in February ; and at Station V., in three in February

:

(3) unidentified nudibranchs, at Station I., in one in February.

Unidentified fish remains were found at Station II. , in one in

Februaary.

Angler-Fish.

{Lophius piscatorius.)

Of 14 stomachs examined, 5 were empty.

Fish were found in all the others. ' They consisted of whitings in two,

herrings in one, Lumpenus in one, plaice in one, lemon soles in one,

unidentified fish in one, and unidentified fish in five.
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II. ST ANDREWS BAY.

Plaice.

{Pleuronectes platessa.)

Of 110 stomachs examined, 32 were empty.

Echinoderrns were found in 8 stomachs (10 7o)- They consisted of (1)

Ophioglypha^ at Station I., in one in August ; and at Station III,, in one

in February : (2) Amphiura^ at Station II., in one in October : (3)

unidentified sand-stars, at Station I., in one in October ; at Station II.,

in one in October ; at Station III., in two in October ; and at Station

IV., in one in October.

Annelids were found in 65 stomachs (83 °/^). They consisted of (1)

Phyllodoce, at Station I., in one in February ; at Station II., in one in

October and in three in February ; at Station III., in one in August and
in two in February ; and at Station IV., in one in August, in three in

October, and in two in February
; (2) Arenicola, at Station I., in nine in

February; and at Station III., in three in October and in two in Feb-

ruary : (3) Aphrodite, at Station I., in one in February ; at Station III.,

in one in October ; and at Station V., in one in October : (4) Nereis, at

Station I,, in one in February ; at Station II., in one in October ; and at

Station III., in one in February : (5) Terebella, at Station II., in one in

August ; and at Station IV., in one in August : (6) Linens (sp. hilineatus),

at Station II., in one in August ; and at Station III., in one in August

:

(7) Sabella, at Station IV., in one in Februaiy : (8) unidentified annelids,

at Station I., in two in August and in five in October ; at Siation II., in

eight in October and in one in February; at Station III., in one in

August and in one in February ; at Station IV., in two in October ; and
at Station V., in two in October.

Arthropods were found in 13 stomachs (16 7o)- They consisted of (1)

Ampelisca, at Station I., in one in August and in two in October ; at

Station III., in one in February ; and at Station IV., in one in February :

(2) Atylus, at Station I., in three in October and in one in February ; and
at Station II., in one in October : (3) Portuniis, at Station II., in one in

February : (4) unidentified Crustacea, at Station II., in one in October

;

and at Station III., in one in October.

MoUmcs were found in 47 stomachs (60 °/^). They consisted of (1)

Solen^ at Station I., in four in August, in one in October, and in one in

February ; at Station II., in three in August ; at Station III., in eiglit in

August, in one in October, and in one in February; at Station IV., in

four in August, in four in October, and in two in February ; and at

Station V., in one in October: (2) Nucida, at Station L, in one in August
and in one in February ; at Station II., in two in August and in three in

October; at Station III., in one in February; and at Station V., in three

in February : (3) Natica, at Station III., in one in August : (4) Scrobi-

cidaria, at Station IV., in one in February: (5) Cylichna (sp. ci/lin/lracea^

at Station V., in one in October.

Common Dabs.

{Pleuronectes Umanda.)

Of 86 stomachs examined, 31 wore empty.

Echinodcrms were found in 17 stomachs (30 '/^). They consisted of

(1) Ophioghjphay at Station II., in two in August at Station III., in
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three in August ; at Station IV., in one in August ; and at Station V., in

one in August and in one in October: (2) Amphiura, at Station V., in one

in August and in three in October: (3) Ophiura (sp. texturata), at Station

II. , in one in October: (4) unidentified sand-stars, at Station L, in six in

October; at Station IL, in four in October; at Station III., in seven in

October ; and at Station IV., in four in October.

Annelids were found in 12 stomachs (21 %). They consisted of (1)

Arenicola, at Station III., in one in October; and at Station IV., in three

in October: (2) Terehella, at Station II., in one in August: (3) Ecliiurus

(sp. oxyurus)^ at Station IV., in one in August: (4) a planarian, at Station

v., in one in August: (5) unidentified annelids, at Station I., in one in

August; at Station III., in two in August; at Station IV., in one in

August ; and at Station V., in one in August.

Arthropods were found in 20 stomachs (36 7o)- They consisted of (1)

Porfumis, at Station II., in two in August and in two in October; at

Station III., in two in August; and at Station IV., in one in October:

(2) Ampielisca, at Station I., in one in October ; at Station II., in two in

August ; and at Station III., in one in August : (3) Eiipagurus, at Station

I., in one in February; at Station II., in one in August ; and at Station

III. , in one in October: (4) unidentified Crustacea, at Station I., in one

in October; at Station II., in one in October; at Station IV., in one in

August and in two in October ; and at Station V., in one in October.

Molluscs were found in 9 stomachs (16 °/^). They consisted of (1)

Solen, at Station II., in one in August; at Station III., in one in August;
and at Station V., in one in August and in one in February : (2) Natica

(sp. alderi)^ at Station III., in one in October: (3) Mytilus, at Station V.,

in one in October: (4) unidentified molluscs, at Station IL, in one in

August ; and at Station V., in one in August.

Long Rough Dabs.

{Hippoglossoides limandoides,

)

Of 11 stomachs examined, 3 were empty.

Eclmioderms (sand-stars) were found at Station L, in four in October.

Arthropods (Crangon) were found at Station I., in one in October; at

Station IIL, in one in February ; and at Station V., in two in February.

Fish (sand-eels) were found at Station I., in one in October ; and
unidentified fish remains at Station I., in one in October.

Gurnards.

{Trigla gurnardus.)

Of 53 stomachs examined, 13 were empty.

No Echinodenns or Annelida were found in any of the stomachs.

Arthropods were found in 34 stomachs (85 °/J. They consisted of (1)

Crangon, at Station I., in five in October; at Station III., in two in

October; and at Station V., in four in October; (2) Portunus, at Station

I., in three in August; at Station IIL, in two in August and in one in

October; at Station IV., in two in August; and at Station V., in one in

October: (3) Pandalus, at Station IIL, in two in October: (4) Ampelisca,

at Station I., in one in August ; and at Station IIL, in one in August

:

(5) Eupagurus^ at Station IIL, in one in August : (6) unidentified

Crustacea, at Station I., in three in October; at Station IL, in two in

August; at Station III., in three in August; at Station IV., in one in

August ; and at Station V., in one in August.
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Molluscs (SoJen) wore found at Stcition IT., in two ii^ August ; i^t

Station III., in two in August ; and at Station V., in one in August.

Fish were found in 15 stomachs (37 %)• They consisted of (1 )
whitings,

at Station II., in one in August; at Station III., in three in August and
in one in October; and at Station lY., in three in August; (2) herrings,

at Station III., in one in August and in one in October: (3) long rough
dabs, at Station III., in one in August and in one in October: (4)

unidentified fish, at Station III., in three in October ; and at Station V.,

in one in October.

Haddocks.

(Gadua (eglefinus.)

Only 2 were exan^ined,—at Station V., in February. They contained

Echinoderms {Oplnoghjpha) and Arthroporls {Crangon, Corystef^, Ewpa-
giirus^ and Portunus).

Whitings.

(Gadus merlangus.)

Of 20 stomachs examined, 2 were empty.

Annelids (ErM?mis) were found at Station III., in one in October.

Sagittre were found at Station 11. , in one in October ; and at Station V.,

in three in October.

Arthropods were found in 5 stomachs (27 7o)- They consisted of (1)

Crangon, at Station II., in two in October : (2) Ampelisca, at Station II.,

in one in October : (3) Portunus, at Station V., in one in October : (4)
unidentified Crustacea, at Station III., in one in October.

Molluscs (cephalopods) were found at Station V., in one in August.

Unidentified ^/zs/i^ remains were found at Station II., in one in October

;

at Station III., in one in October ; and at Station V., in one in August.

Less Abundant Fish of St Andrews Bay.

Lemon. Soles {Pleuronectes microcephalus).—Of 5 stomachs examined, 3

were empty. The two remaining contained unidentified annelids—ono
at Station IV., in August, and one at Station V., in February.

Flounders {Pleuronectes flesus).—Of 24 stomachs examined^ 17 we^-e

empty. Unidentified annelids were found in six—at Station I., in one
in August; at Station II., in one in August ; at Station III., in two in

August; and at Station IV., in one in August and in one in October.

Arthropods were found in two

—

Ampelisca, at Station I., in one in August;
and amphipods at Station III., in August. Molluscs, unidentified,

were found at Station IV., in one in August.

Skate.—Of the grey skate {Raia hatis) 2 were examined, at Station

IV., in February : both contained Crangon, and one contained Corijstes.

Of the thornback skate {Raia clavata) 15 were examined : 2 were empty:
Echinoderms {Oi^Jiioglypha) were found in one: unidentified annelids

were found in one, and Nereis in one : Arthropods consisted of (1) Por-

tunus, found in eight, (2) Corystes, found in three, (3) Eupagurus, found

in one ; Molluscs {Loligo) were found in one ; and unidentified lan^elli-

branchs in two.

Cat-Fish {Anarrichas lupus),—One examined at Statipn JIJ.., in Feb-
ruary, contained Eupagurus and Baccimtm.

Cod {Gadus morrhua).—Twenty-one were examined, all in February.

Echinoderm,s {Ophioglypha) were found in one. Annelids consisted of
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(1) Aphrodite in six : (2) Arenicola in four. Arthropods consisted of

(1) Crangon'm thirteen: (2) Corystes in six: (3) Portunus in four: (4)

Eupagurus in three : (5) Pandalus in one. Molluscs consisted of (1)

Solen in one : (2) Rossia in one. Fish consisted of (1) herrings in eight:

(2) whitings in three : (3) sprats in three : (4) gobies in three : (5) pogge

in two : (6) sand-eels in one: (7) butter-fish in one : (8) long rough dabs

in one : (9) unidentified fish remains in four.

III. MONTROSE—ifav.

Plaice {Pleuronedes platessa).—Of 14 stomachs examined, 2 were empty.

Annelids consisted of Phyllodoce^ found in four, Sahella in two, and
unidentified annelids in one. Molluscs consisted of Nucula^ found in

twelve, Scrohicularia in three, Solen in two, and Tellina in one.

Common Dabs {Pleuronectes limanda).—Of 12 stomachs examined, 2

were empty, and the contents of 2 were indistinguishable. Echinoderms
{Ophioglypha) were found in four. Annelids consisted of Arenicola,

found in one and unidentified annelids in two. Arthropods (Awpelisca)

were found in one. Molluscs consisted of Solen, found in one and
unidentified lamellibranchs in one. Flat-fish remains were found in one.

Long Rough Dabs (Hippoglossoides limandoides).—Two were examined:

both contained Echinoderms {Ophioglypha).

Gurnards {Trigla gurnardas).—Of 13 stomachs examined 5 were

empty, and the contents of 2 were indistinguishable. Arthropods {Por-

tunus) were found in three. Molluscs {Scrobicularia) were found in one.

Flat-fish remains were found in four.

Haddocks {Gadus ceglefinus).—Of 13 stomachs examined, 3 were empty,

and the contents of one were indistinguishable. Echinoderms consisted

of Ophioglypha, found in one, and unidentified sand-stars in one.

Unindentified Annelids were found in one. Arthropods consisted of

Ampelisca, found in two, Corystes in two, Diastylis in one, and Idoiea in

one. Molhiscs consisted of Tellina, found in two, Scrohicularia in one,

Solen in one, and unidentified gastropods in one.

Whitings {Gadus merlangiis).—Of 14 stomachs examined, 5 were empty.

Unidentified Annelids were found in one. Arthropods {Portunus) werr

found in one. Molluscs {Rossia) were found in one. Fish consisted o

herrings or sprats, found in four, sand-eels in one, and unidentified fish in

one.

Skate.—One grey skate {Raia hcdis) examined contained Arthropods'

{Portunus). Twu mornback skate {Rata clavata) were examined : both'^

were empty.

TV. ABERDEEN STATIONS—J/a^.

Plaice {Pleuronectes platessa).—Of 48 stomachs examined, 10 were

empty. Echinoderms {Ophioglypha) were found in three. Annelids

consisted of Sahella, found in eight, Arenicola in four, Phyllodoce in one,

and unidentified annelids in thirteen. Arthropods {Ampelisca) wqvq found

in two. Molluscs consisted of Nucula, found in fifteen, Tellina in fifteen,

Scrohicularia in two, Solen in one, and unidentified gastropods in one.

Fish (sand-eels) were found in four.

Lemon Soles {Pleuronectes microcephahcs).—Of 4 stomachs examined,

1 was empty. Annelids consisted of Terehella, found in one, and

unidentified annelids in two.

Common Dabs {Pleuronectes limanda).—Of 33 stomachs examined, 4
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wero empty, und the contents of 5 were indistinguishable. Echinoderms

{Ophioglypha) were found in twelve. Annelids consisted of Terebellaf

found in five, Nends in one, Sahella in one, and unidentified annelids in

one. Arthropods consisted of Atylus, found in three, Am^^elisca in two,

Eupagurus in one, and Gammarus iii one. Molluscs consisted of Cyliehna,

found in one, and unidentified molluscs in one. Unidentified fish

remains were found in two.

Long Rough Dabs {Hippoglossoides limandoides).—Of 14 stomachs

examined, 3 were empty. Echinoderms consisted of Ophioglypha, found

in eleven, and Amphidotus in one. Arthropods {Portunas) were found in

one.

Guriiards (Trigla gurnardus).—Of 40 stomachs examined, 17 were

empty, and the contents of 1 were indistinguishable. Unidentified

Annelids were found in one. Arthropods consisted of Portumis^ found in

thirteen, Ampelisca in three, Crangon in tliree, unidentified amphipods

in one, and unidentified schizopods in one. Fish consisted of gobies, found

in one, and unidentified fish remains in six.

Cod' (Gadus morrhua).—Eight were examined. Artliropods consisted

of Pnrtu7ius^ found in three, Idotea in one, Eupagurus in one, Hyas in

one, Crangon in one, Mysls in one, and Corystes in one. Molluscs (Solen)

were found in two. Fish consisted of pogge, found in one. Sand-eels in

one, and unidentified fish remains in three.

Haddocks {Gadus mglefinus).—Of 44 stomachs examined, 6 were

empty. Echinoderms {Ophioglypha) were found in eleven. Annelids

consisted of Sahella^ found in five, Ecliiurus in one, and unidentified

annelids in eighteen. Arthropods consisted of Mysis, found in two,

Tryphosa in one, and Eupagurus in one. Molluscs consisted of Tellina,

found in Qi^tQ^n, Scrohicularia in nine, Solen in two, Montacuta in two,

Nucula in two, Mactra in one, and unidentified gastropods in two. Fish

(sand-eels) were found in one.

Whitings {Gadus raerlangus).—Of 50 stomachs examined, 9 were

empty and the contents of 1 were indistinguishable. Unidentified

Zoophytes were found in two. Unidentified Annelids were found in one.

Arthropods consisted of Mysis, found in seven, A?npelisca in four, Crangon
in two, Idotea in one, Gammarus in one, unidentified schizopods in three,

and unidentified amphipods in one. Fish consisted of sand-eels, found in

one, whitings in one, and unidentified fish remains in twenty-three.

Skate.—One sandy ray {Rata circularis) was examined : it contained

Annelids and Fish (gobies).

V. MORAY FIRTH STATIONS—ifaz/, July, and September.

Plaice (Pleuronectes platessa).—Of 157 stomachs examined, 39 were

empty, and the contents of 5 were indistinguishable. Echinoderins con-

sisted of Amphidotus, found in fourteen, Amphiura in ten, Ophioglypha in

six, and unidentified sand-stars in one. Annelids consisted of Sabella,

found in seven. Nereis in five, Priapulus in four. Aphrodite in two,

Arenicola in one, and unidentified annelids in thirty-eight. A plauarian

worm was found in one. Arthropods consisted of Ampelisca, found in three,

Ettpagurus in three, Portunus in one, Atelecyclus in one, and unidentified

isopods in one. Molluscs consisted of Solen, found in twenty-five, Venus
in six, Mactra in five, Psammobia in four, Cardnim in two, Natica in

two, Nucida in two, Circe in one, Tapes in one, Pecten in one, and
unidentified lamellibranchs in one. Ascidians {Pelonaia) were found in

one. Fish (sand-eels) were found in two.
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Lemon Soles (Pleuronedes microcephalus).—Of 28 stomachs examined,

1 was empty, and the contents of 5 weie indistinguishable. Annelids

consisted of Sipunculus, found in two, and unidentified annelids, most of

tkem probably Sabella, in twenty. Arthropods consisted of Eupagurus,
found in two, and Portunus in one. Molluscs consisted of CJdton, found
in one, and Velutina in one.

Common Dabs {Pleuronedes Umanda).—Of 132 stomachs examined, 55
were empty, and the contents of 5 were indistinguishable. Echinoderms
consisted of Ainpldura, found in twenty-four, Opliioglyplia in ten,

Opliiotlirix in one, and unidentified sand-stars in two. Annelids consisted

of Phyllodoce, found in one, Pedenaria in one, Sabella in one, Priapidus

in one, Aj^hrodite in one, Terebella in one, and unidentified annelids in

iburteen. Arthropods consisted of Eupagurus, found in seven, Portunus
in two, Hippolijte in one, Hyas in one, Idotea in one, Galatliea in one,

Carida in one, larval decapods in two, amphipods in one, and unidentified

Crustacea in one. Molluscs consisted of Solen, found in two, Scrobicularia

in one, Madra in one, and unidentified lamellibranchs in three. Fish
consisted of sand-eels, found in one, gobies in one, and unidentified fish

remains in five.

Long Rough Dabs {Hippoglosoides Umandoides).—-Of 27 stomachs,

17 were empty. Echinoderms consisted of Amphiura^ found in two and
Ophioglypha in one. Arthropods consisted of Eiipagurus, found in one,

Grangon in one, Ampelisca in one, and unidentified Crustacea in one.

Molluscs consisted of Scrobiculana, found in two, Natica in one, and
Corbula in one. Unidentified fish remains were found in seven.

Witdi Soles {Pleuronedes cynoylossus).—Of 21 stomachs examined, 4

were empty. Echinoderms {Amphitira) were found in three. Annelids

consisted of Sabella^ found in two, Pectinaria in one, and unidentified

annelids in ten. Arthropods consisted of Pandalus, found in two, Gala-

thea in one, Ainpelisca in one, and unidentified isopods in one. Molluscs

consisted of Scrobicularia, found in one, and Solen in one.

Flounders {Pleiwonectes flesus),—Of 5 examined, 4 v/ere empty: tbe

remaining one contained Portunus and small fish.

Gurnards {Trigla gurnardus).—Of 65 stomachs examined, 17 were
empty, and the contents of one were indistinguishable. Echinoderms
{Ampjhiura) were found in two. Unidentified Annelids w^ere found in one.

Arthropods consisted of Portunus^ found in twelve, Ilippolyte in two,

Ampelisca in two, Grangon in one, Leucon in one, Astacilla in one,

Diastylus in one, Hyperia in one, unidentified amphipods in two, and

uniden^ijfed crustacea in three. Fish consisted of gobies, found in three,

sand-eels in ti^^^ee, pogges in one, common dabs in three, and unidentified

fish remains (in ihii.ny cases post-larVal round and flat fish) in twenty-

eight.

God {Gadus morrhua').~~Oi 20 stomachs examined, 4 were empty.

Arthropods consisted of Eupa-gurus^ found in six, Portunus in five, Pan-

dalus in four, Idotea in two, Hij'as in two, Galathea in two, Hippolyte in

two, Atelecyclus in one, and Forc^Uana in one. Molluscs {Loligo) were

found in one. Fish consisted of t^mpenus, found in one, gobies in one,

gurnards in one, whitings in one, sa^id-eels in one, common dabs in one,

long rough dabs in one, and unidentifr^^d fish remains in one.

Haddocks {Gadus ceglefinus),—Of stomachs examined, 12 were

empty, and the contents of 2 were indistinguishable. Echinoderms con-

sisted of Amphiura^ found in twenty-four, Ophioglypha in four, Amphi-

dotus in two, and Gucumaria in one. Annelids consisted of Sabella, found

in two. Aphrodite in two, Pectinaria in one, and unidentified annelids in

six. A planarian was found in one. Arthropods consisted of EupaguruSf

)
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fouiul in one, Galathea in one, AvqmUsca in one, and unidentified decapods

in one. MoUuttcs consisted of Solen, found in eleven, Corhida in two,

TeUina in two, Thnicia in one, Montacuta in one, Dentalium in one, and
unidentified lamellibranchs in two. Unidentified jUh remains were found

in one.

Whitings (Gadus merlanym).—Of 35 stomachs examined, 21 were

empty, and the contents of 3 were indistinguishable. Arthropods (un-

identified decapods) were found in four. Fish, consisted of herrings, found

in two, sand-eels in two, and unidentified fish remains in five.

Skate.—Eight grey skate (Raia hatis) were examined: 3 were empty:

Arthropods consisted of EapaguruSy found in three, Portunus in one, and
Atelecyclus in one : Molluscs consisted of Cardium, found in one, and

Solen in one : Fish consisted of long rough dabs found in one.

Gat-Fish (Anarrhichas lupus).— One was examined: it contained

Eupagurus^ Bucchmim and Natica.

Angler-Fish (Lophius piscatoriiis).—Two were examined : one was empty

:

the other contained Fish (haddocks).

VI. SMITH BANK—Mag and July.

Plaice (Pleuronectes platessa).—Of 14- stomachs examined, Twas empty.

Echinoderms consisted of Ophioglypha, found in one, and unidentified

sand-stars in three. Annelids consisted of Nereis, found in one, in un-

identified annelids in one. Arthropods {Atelecyclus) were found in one.

Molluscs consisted of Fsammohia, found in five, Mactra in two, and Pecten

in two. Fish consisted of sand-eels, found in four and ling in one.

Lemon Soles {Pleuronectes microceph edits).—Of 1 3 stomachs examined, 2

were empty : the rest contained unidentified Annelids.

Common Dabs {Pleuronectes limanda).—Of 27 stomachs examined, 17

were empty, and the contents of 4 were indistinguishable. Echinoderms
(sand-stars) were found in four ; unidentified Annelids in one ; and Arthro-

pods (unidentified amphipods) in one.

Gurnards {Trigla gurnardus).—Of 16 stomachs examined, 8 were

empty. Echinoderms {Amphiura) were found in one. Arthropods con-

sisted of Crangon, found in three, Portunus in two, and Mysis in one.

Fish consisted of sand-eels, found in three, and unidentified fish remains

in one.

God {Gadus mm^rhuci).—Eight were examined. Unidentified Annelids

were found in one. Arthropods consisted of Eupagurus^ found in three,

Hyas in two, Portunus in one, Grangon in one, Gcdathea in one,

and Hippolyte in one. Molluscs {Buccinum) were found in one. Fish

consisted of lemon soles, found in two, common dabs in one, herrings

in one, and unidentified fish remains in one.

Haddocks {Gadus ceglefinus).—Of 37 stomachs examined, 1 was empty,

and the contents of 1 were indistinguishable. Echinoderms consisted of

Echinocyamus, found in thirteen, Ophiothrix in two, Echinus in one,

Amphidotus in one, and unidentified sand-stars in eight. Annelids con-

sisted of Terebella, found in one, Pectinaria in one, and unidentified

annelids in eleven. Arthropods consisted of Ampelisca, found in five,

Tryphosa in one, Galathea in one, Eupagurus in one, and unidentified

amphipods in one. Molluscs consisted of Psammolia, found in eight,

Chiton in five, Scrohicularia in three, TeUina in three, Pecten in one,

Buccinum in one, and Mactra in one. Ascidians {Pelonaia) were found
in one. Fish consisted of sand-eels, found in one, and unidentified fish

remains in two.
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Whitings {Gadus merlangm). — One was examined : it contained

unidentified fish remains.

Skate.—Two thornback skate (Raia clavata) were examined : one

was empty : the other contained Arthropods {Eupagurus).

Cat-Fish (Anarrhichas lupus).—Three were examined : one was empty :

Fjchiiioderms {Echinus) were found in one
;
Arthropods (Hyas) in one

;

and Molluscs (Bucciuum) in one.

Angler-Fish {Lophius piscatorius).—Two were examined : both were

empty.

VII. THE ORKNEYS—SCAPA ^^luO'N—September.

Plaice {Pleuronedes platessa).—Five were examined: one was empty:
unidentified Annelids were found in three • Arthropods (hermit crabs)

in one ; and Molluscs (Pecten) in one.

Lemon Soles (Ple/uvnectes microceplmlus).—Five were examined : three

were empty : the others contained unidentified Annelids.

Common Dabs (Pleuronectes limanda).—Of 10 stomachs examined, 4

were empty, and the contents of 3 were indistinguishable. Echinoderms

{Amphiura) were found in two. Unidentified Annelids were found in

one.

Gurnards {Trigla gurnardus).—Eleven were examined : two were

empty. Arthropods consisted of Ajnpelisca, found in one, schizopods in

one, amphipods in one, and unidentified Crustacea in two. Fish con-

sisted of whitings, found in three, and unidentified fish remains in one.

Cod (Gadus morrh.ua).—Five were examined. Annelids {Aphrodite)

were found in one. Arthropods consisted of Eupagurus^ found in two,

Fortunus in one, Hyas in one, Galathea in one, and unidentified Crustacea

in one.

Molluscs (unidentified lamellibranchs) were found in one.

Haddocks {Gadus wglefinus).—Seven were examined. Echinoderms
(star-fish) were found in three. Annelids, consisted of Aphrodite, found

in three, and Arenicola in one. Arthropods (amphipods) were found in

one. Molluscs consisted of Scrobicularia, found in one, and unidentified

lamellibranchs in one.

Skate.—Two gray skate {Raia batis) were examined. Arthropods

{Nephrops) were found in both. Molluscs {Pecten) were found in one.

VIII. NORTH COAST—SANDSIDE AY—September.

Plaice {Pleuronectes platessa).—Of 14 stomachs examined, 6 were

empty. Echinoderms consisted of Amphidotus, found in one, and
unidentified sand-stars in one. Unidentified Annelids were found in one.

Arthropods consisted of Eupagurus, found in one, Gastrosaccus in one,

and Ampelisca in one. Molluscs consisted of Mactra, found in one,

and Loiigo in one. Fish (sand-eels) were found in one.

Common Dabs {Pleuronectes limanda).—Of 19 stomachs examined, 7

were empty, and the contents of one were indistinguishable. Ecltinoderms

consisted of Ophioglypha, found in one, and unidentified sand-stars in

three. Arthropods consisted of Eupagurus, found in two, Portunus in

two, and unidentified Crustacea in three. Molluscs {Pecten) were found

in one.

Gurnards (Trigla, gurnardus).—Of 16 stomachs examined, 3 were

empty. Arthropods consisted of Crangon, found in two, Gastrosaccvs
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in one, Myda in ono, unidentified crabs in one, and unidentified Crustacea

in three. Fixh consisted of sand-eels, found in five, unidentified round

fish in two, and unidentified flat-fish in live.

God (Gadiis morrhiia).—Two stomachs were examined : the contents

of one were indistinguishable ; the other contained Molluscs (unidentified

lainellibranchs) and Fish (sand-eels).

Haddocks (Gadus ceglefinus).—Of 15 stomachs examined, 2 were

empty, and the contents of 1 were indistinguishable. EcMnoderms
consisted of Fchinocijamus, found in eight, Ampliidotus in one, and
unidentified sand-stars in live. Annelids consisted of Nereis, found in

one, and unidentified annelids in three. Arthropods consisted of

Ampelisca, found in three, Eapagurus in one, and unidentified Crustacea

in one. Molluscs consisted of Fsammohia, found in two, Pecten in one,

and uniilentified lamellibranchs in one. Ascidians were found in one.

Fish consisted of sand-eels, found in three, Gadus minutus in one, and

unidentified fish remains in one.

Skate,—One gray skate (Rata hatis) examined contained Arthropods

(Portunus, Crangon, and Atelecyclus).

Plaice (Pleuronectes platessa).—Of 16 stomachs examined, 10 were

empty, and the contents of 1 were indistinguishable. Echinoderms con-

sisted of Amphidotus, found in one, and unidentified sand-stars in one.

Unidentified Annelids were found in two. Ay-thropods [Eiipagurus) were

found in one. Molluscs (Mactra) were found in one. Fish (sand-eels)

were found in two.

Common Dabs (Pleuronectes 7nicroce2?hahcs).—Thirteen were examined,

(sand-eels).

X. MORAY FIRTH—SPECIAL TRAWLmGS—October.

The hauls in these special trawlings were made off Banff in July ; off

Lossiemouth in May and October ; and off Ross Head, Helmsdale, Tarbat
Ness, and from Buckie to the Ord of Caithness in October.

Plaice (Pleuronectes platessa).— One was examined : it contained

Echinoderms (Amphidotus) and unidentified Annelids.

Lemon Soles (Pleuronectes interocephalus).—Nine were examined: three

were empty. Echinoderms consisted of Coinatida, found in one, and un-

identified sand-stars in one. Unidentified Annelids were found in five.

Arthropods consisted of Protella, found in one and unidentified amphipods
in two.

Common Dabs (Pleuronectes limanda).—Nineteen were examined : four

were empty. Echinoderms (sand-stars) were found in ten. Unidentified

Annelids were found in two. Arthropods (unidentified Crustacea) were
found in two. Molluscs (Solea) were found in one. Ascidians (Pelonaia)

were found in one. Fish (gobies) were found in one.

Long Rough Dabs (Hippoglossoides limandoides).—Of 42 stomachs,

examined 23 were empty. Echinoderms consisted of Amphiura, found in

one, and unidentified star-fish in one. Unidentified Aimelids were found
in eight. Arthropods consisted of Crangon, found in two, Porturius in

one, and unidentified schizopods in one. Molluscs consisted of Scrohi^

IX. NORTH COAST—DUNNET ^KY—September.
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cularia, found in two, and unidentified lamellibranchs in two. Fish con-

sisted of gobies, found in three, unidentified flat-fish in one, and unidenti-

fied fish remains in two.

Witch Soles (Pleuronedes cynoglossus).—Three were examined ; un-

identified Annelids were found in two
;
Arthropods (unidentified Crustacea)

in one ; and Molluscs (Scrohicularia) in one.

Gurnards {Trigla gurnardus).— Fifteen were examined: four were

empty. Unidentified Annelids were found in two. Arthropods consisted

of Grangon, found in five, Atelecijclus in two, Portunus in one, Dexamine
(sp. spinosa) in one, unidentified schizopods in one, and unidentified

Crustacea in two. Fish consisted of gobies, found in three, sand-eels in

two, unidentified flat-fish in two, and unidentified fish remains in one.

God {Gadus morrhua).—Four were examined : one was empty. Arthro-

pods consisted of Eupagurus, found in one, Galathea in one, and unidenti-

fied schizopods in one. Unidentified Fish remains were found in one.

Haddocks (Gadus ceglefinus).—Twenty-three were examined : four were

empty. Echinoderms consisted of Amphiura, found in eight, Echinus in

one, Echinocyamus in one, and unidentified star-fish in six. Annelids con-

sisted of Priapulus, found in two. Aphrodite in one, and unidentified

annelids in one. Arthropods consisted of Ampelisca, found in one, Gala-

thea in one, Atelecyclus in one, unidentified schizopods in one, and un-

identified Crustacea in six. Molluscs consisted of Scrohicularia, found in

six, Solen in three, Dentalium in one, Gardium in one, and Nucula in

one. A ctenophore was found in one. Unidentified fish remains were
found in one.

Whitings (Gadus merlangus).—Twenty-nine were examined: ten were

empty. Arthropods consisted of Grangon, found in three, Portunus in

three, Galanus in two, Hyperia in one, unidentified Crustacea in five.

Molluscs consisted of Tapes, found in one, and cuttle-fish in one. Fish

consisted of whitings, found in one, pogges in one, and unidentified fish

remains in seven. A ctenophore was found in one.
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IL— THE COMPAKATIVE FECUNDITY OF SEA-FISHES. By
Dr T. Wemyss Fulton, F.E.S.E., Secretary for Scientific

Investigations.

Introductory.

In last year's Report * I gave, without discussion, the results of an
investigation into the proportional numbers and sizes of the sexes among
sea-fishes, and pointed out the surprising variation among even closely-

allied forms. The present paper may be considered as a supplementary

contribution along the same line of inquiry into the propagation of marine

food-fishes. Besides its biological bearing, the question of the comparative

fecundity of the food-fishes is closely related to arguments often used in

regard to proposals for restriction in certain fisheries or in fisheries

generally.

Leeuwenhoek and some other early naturalists investigated the number
of ova produced by a few species of fishes, especially the cod, but no

extensive research seems to have been made until towards the latter part

of last century, when Bloch on the Continent and Harmer in this country

devoted considerable attention to the subject. Harmer's paper, which

was published in the Philosophical Transactions in 1768, embodies, so far

as I can ascertain, the most extensive and thorough inquiry into the

fecundity of fishes hitherto made. He determined the fecundity of 44
specimens belonging to eleven species, five of which were fresh water

forms and six marine (cod, herring, mackerel, smelt, flounder, and
common sole). Further, the portions of the ovaries used for calculation

were relatively large—varying from 19 to 57 grains among the sea-fish

examined—and there is evidence that great care and thoroughness were

exercised. Bloch's observations on the subject are scattered through his

great work on Ichtyologie^\ and also indicate much care ; but the propor-

tion of the roe used is not given. Later, Blanch ere, Thompson, Buck-
land, Earll, and others have determined the number of eggs produced in

a number of individuals of a few species. Earll, in America, very care-

fully determined the fecundity of the cod, pollack, and haddock.

Buckland made observations on the fecundity of the brill, cod, conger,

herring, lamprey (136,800), lumpsucker, mackerel, plaice, smelt, sole, and
turbot; but, in the few cases in which it is given, the part of the ovaries

used was very small, and there is evidence in at least some cases that

Buckland's observations on this subject were not always exact. Cunning-
ham has recently made an investigation into the fecundity of the conger. |

In the course of the present investigation, the results of which are given

in the following pages, the fecundity of 112 fishes belonging to 39 marine

species, comprising most of the food fishes, was determined. In addition,

above 100 other specimens were examined, and the proportional weight of

the ovaries to the rest of the fish ascertained ; but in most of these cases

so many of the eggs were minute or microscopic that enumeration,

although sometimes attempted, was not completed. Considerably over

400,000 eggs w^ere individually enumerated. The mode adopted was as

follows :—The length and gross weight of the fish and the weight of the

ovaries were ascertained (the weight of the ovarian membrane being in

most cases separately determined, but in a few instances calculated from

* Eighth Annual Report of the Fishery Boardfor Scotland, Part HI. p. 348, 1890.
Ichtyologie ou histoire naturelle ginirale et particulUre des poissons, 1785.

X Journal of the Marine Biological Association of the United Kingdmn, vol. ii.

No. 1, p. 16, 1891
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previous data relating to the same species)."^ A certain proportion of the

ova, taken from different parts of the ovaries, was carefully weighed on a

chemical balance, and gradually boiled in a test-tube, and the number
then counted. At first a vulcanite tray divided into equal squares was
used, the numbers on each square being put down separately ; subse-

quently it was found more convenient to use a large common writing-

slate, and to record the numbers in 50's with a pencil held in the left

hand.f
Before detailing the number of ova present in the various specimens

examined, it may be well to consider generally some points brought out

in the course of the investigation.

1. Pkoportional Weight of the Ova Compared to the rest

OF the Body.

This was determined in every case possible
;
but, except in a few

instances, conclusions based alone upon the data thus obtained would be

very misleading. As will be seen later, the pressure of reproduction, so

to speak, and the process of oviposition, vary very much among different

specie.^. In some cases, as with Cydopterus lumpus^ the whole of the

season's ova required to maintain the proportional abundance of the

species may be easily carried in the mature condition by the female, and
may be all deposited, en masse, within a few hours. In some other fish

with more or less scattered demersal ova, as the salmon, herring, and
smelt, the season's oviposition, altliough not so sudden as in the case of

the lumpsucker, is probably more or less continuous and completed within

a few days from the commencement of the spawning process ; in ripe speci-

mens of these species examined, I found all the ova to be practically uni-

formly developed and equally ready for extrusion. But in probably the

majority of other fish whose ova are demersal, it would appear that of

the ova deposited by one female during the course of a single season, only

a moiety are extruded together—that there are successive crops or layings,

separated by definite intervals for the maturation of the undeveloped ova

remaining in the ovaries. This, surmised by HarmorJ to be the case with
' the stickleback,' has been observed by Ransom to occur with Gasteros-

teus 27ungitius, § and by Prince with Gasterosteus spinachia.W I have

examined several fully-developed ovaries of the last-named species, and
have compared them with the ovaries of a number of other fish having

demersal ova, with the result that it appears extremely probable that in

the following species the season's eggs are shed in two or more definite

crops :

—

Sijngiiathus aciis, Anarrhickas lupus, Cottiis bubalis, Liparis

montagui, Ammodytes la7iceolatus. In Liparis and Anarrhichas three

distinct grades of eggs were found, and in Cottus and Syngnathm
two. The condition in Ammodytes somewhat resembled that in fish

* In all cases given in this paper the ' weight of ovaries ' is exclusive of the

weight of the membranes.
+ Some of the specimens were sent from the * Garland ' by Mr Thomas Scott,

F.L.S. ; others by Mr John Murray, the fishery officer at Newhaven, and by Mr
William Mair, the fishery oflficer at i\nstruther ; and a few were obtained from fish-

mongers. Professor M'Inlosh was good enough to send some specimens from the St

Andrews Laboratory. Besides the gentlemen named, I have specially to thank Mr
Peter Jamieson, the assistant naturalist at the Board's Marine Laboratory at Dunbar,
who devoted as much time as could be spared from his other duties to procuring

specimens, especially of the shore fishes.

X Phil. Trans., vol. Ivii. parti., p. 283, 1768.

§ Ann. and Mag. Nat. Hist., third series, vol. xvi. p. 450, 1865.

II
Ann. and Mag. Nat. Hist., fifth series, vol. xvi. p. 487, 1885.



oj tfie Fishery Board for Scotland. 245

having pelagic ova, and probably indicates a number of successive ex-

trusions of ova at short intervals. On the other hand, in Coitus scor-

jrius and Agonus catuphradas the ova were of uniform size, none

minute being present ; but only one mature specimen of each of these

species was available, the others—at least of Coitus scorpius—being spent,

and the ova in them probably represented the last crop. Anderson Smith
has described the deposition of the ova of Liparis and Lepadogaster*

The same observer has also found contiguous series of ova of Syngnaihus

acus, apparently representing distinct depositions (vide below, p. 261) as

with Gasierosieus.

Agaiil, among all fish with isolated pelagic ova, the extrusion of the

ova never takes place at once, but after successive intervals, extending

over a period, the duration of which seems to vary very considerably in

different species. It will be seen below that in some forms the great

majority of the ova undergo practically equal and uniform development

up to a certain point, as in the saithe, tusk, ling, cod, turbot, halibut,

plaice, craig-fluke, flounder, and long rough dab. It will be observed

that most of these are large iish. But, among others, the ova are of very

different sizes, graduating down to microscopic, even after spawning has

begun and continued for some time, e.g., lemon sole, common dab, mackerel,

haddock, and especially the whiting and gurnard. In the latter group

(comprising smaller fish) there does not appear to be space for all the

ova necessary, even when they are but moderately developed, and the

spawning process is no doubt prolonged.!

For these reasons it is obvious that, except in a very few cases, it is not

possible on such data alone to give accurately the ratio between the weight

of the body and the reproductive substance produced by a single individual.

Nevertheless, it is possible to show that considerable differences exist in

different species, and a few examples from the tables I have prepared are

given in the following tables, which show the ratio of ike weight of the

ova present at one time to the weight of the rest of the fish taken at 1000 :

—

1. Fish with Demersal Ova.

Species.
Number

Examined.
Minimum
Ratio.

Maximum
Ratio.

Lumpsucker,
Cottus hubalis, .

, ,
scorpius,

Liparis montagui,

Sparling,

Sand-eel,

Herring,

3

4

1

1

1

2

3

16

223-01

109-93

205-67
67-99

152-39

348-33

253-94

309-78
122-86
345-16

* Notes on the sucker fishes, Liparis and Lepadogaster, Proc. Hoy. Phys. Soc, 1885.
+ In the angler, where the ova are pelagic but united together, extrusion probably

takes place with some rapidity
;
impregnation being assured by the great excess of

males. In a female Lophius w\i\qX\ I opened in January on board the 'Garland,*
the long flattened ovaries, about 20 feet in length, were coiled up in the abdominal
cavity, and exhibited worm-like or gliding movements. The ovary forms a wide,
flattened, thin-walled tube, the ova being arranged in a layer in the form of a band
occupying half the circumference of the tube.
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2. Fish with Pelagio Ova.

Number Minimum Maximum Mean
Species.

Examined. Ratio. Ratio. Ratio.

Cod, 3 12774 280-91 220-22

Haddock, .... 5 111-11 154-11 126-90

Wliiting, .... 9 35-66 18174 93-24

Ling,

Saitlie, .... 4 103-44 181-79 155-46

2 105-52 107-73 106-63

Gurnard, .... 3 9976 144-57 128-73

Halibut, .... 2 20-69 4675 • 33 72
Turbot, .... 4 86-81 135-57 101-98

Plaice, ....
Flounder, .... 5 149-35 359-54 249-03

3 11371 350-27 263-44

Long Rough Dab, . 4 102-17 18079 147-98

A circumstance strongly impressed on my mind in the course of the

investigation was the very different degree of ease, so to speak, with

which the ova are carried in different species. In some, as in the plaice,

flounder, and cod, there was very great distension of the surface over the

ovaries. In the plaice, flounder, common sole, (fee, the ovaries are pro-

longed backwards to nearly the root of the tail, and in the two former the

tumidity of the surfaces is exceedingly great. In many cases, however,

there is very little tumidity, as in the long rough dab, where the ovaries

do not extend so far back, and are very slender. So also in the witch

sole and others.

The great size of the ovaries at maturity in some fishes causes compres-

sion of the viscera. To this circumstance is probably due the well-known

fact that some species refrain from food at this time. Mr John Murray,

fishery officer, whom I asked, is of opinion that, among cod, more females

than males are caught by baited hooks while the roes are maturing, and
that during the spawning time more males are caught. On the other

hand, I have found the stomach crammed with food in certain forms

(Liparis, Coitus huhalis) carrying fully ripe ova.

It would appear that the number of mature ova necessary to be pro-

duced each season to maintain the position of the species can only be carried

together in certain instances, such as in the lumpsucker and salmon, where
the abdominal cavity is sufficiently capacious for the mass of large ova

;

and in the herring and sparling, where the eggs are smaller and the

numbers not large. In most cases it would be quite impossible for the

fish to carry simultaneously, in the mature or perfect condition, all the

eggs which the conditions of the struggle for existence have made it im-

perative it should produce. For* instance, it is sbown below (p. 264)
that the mature ovum of the plaice weighs about —j- of a grain, and that

one female plaice, the gross weight of which was 4 lbs. 3J oz., contained

over 487,000 immature ova. The weight of this fish, when the ovaries

were removed, was 3 lbs. 6| oz. (23,060 grains), and the weight of the ova

which it carried, when fully ripened and mature, would be 4 lbs. 15| oz.

(34,786 grains), or a pound and a half heavier than the body of the fish.

Similar examples may be found among other species, possessing pelagic

or demersal ova; e.g., in the catfish, described on page 263, in which the

Ovaries weighed 2003 grains, the ova contained in them would, when fully

* As a general rule, but not invariably, the upper ovary in a flatfish is longer and
heavier than the lower. For convenience, when distinguishing the ovaries in flat-

fish, I have used the terms dorsal or ventral ovary to mean the superior or inferior

ovary when the fish is in its natural position, irrespective of anatomical considerations.
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mature, weigh 37,605 grains, or nearly 5J lbs. Considering the need of a

certain number or weight of ova being produced annually to be the primary

factor, I think the above facts explain one or two phenomena hitherto

obscure.

First, it appears to me to explain the majority of cases in which the

females of a species are in excess of the males. I have shown that among
most sea fishes there is a general and sometimes a great preponderance

of females.* Of 20 species investigated 18 produce isolated pelagic

ova, and in at least 16 of these females are more numerous than males.

The exceptions given are the flounder and the brill ; but only 23 of

the latter were examined, and the deduction as to the sex-proportion

is therefore uncertain. 217 flounders were examined, and the sex-propor-

tion (84 females to 100 males) is probably approximately correct. It

may possibly have relation to the exceptional fecundity of the female—the

flounder producing a greater number of ova in proportion to its size than

any other sea fish. On the other hand, among fish with demersal ova
which are extruded in large quantities, the males predominate. It is

generally held that the male salmon is more numerous than the female f

;

of 28 lumpsuckers examined, 22 were males and 6 females ; of 59 catfish,

33 were males and 26 females. In the angler, which, although its ova
are pelagic, is comparable to the above fish with demersal ova, inasmuch
as they are all shed together, of 77 specimens no less than 61 were males,

and only 16 were females. I am not certain that among such small fish

as Coitus, Liparis, Gasterosteiis, &c., where the ova are probably shed in

comparatively small quantities, the males always predominate in numbers.

From these investigations on the sex-proportions and the fecundity of

marine fishes, it may be regarded as a general rule that, in a species

which produces a large number of ova, and in which the females pre-

ponderate in numbers and size, the ova are pelagic and not demersal.

Second, I think the generally greater size of the female is explained in

the same way. The female is larger among all flatfishes, and in the

whiting and gurnard, but it is a little smaller in the cod (956 to 1000)
and haddock (989 to 1000), catfish (939 to 1000), and angler (879 to

1000).

Third, it explains not merely the gradual growth of ova to replace the

mature ova shed during a prolonged spawning period, but the more or

less sudden increase of bulk which occurs in the ovum shortly prior to

its extrusion. In almost all the ovaries examined in which ripe ova
were present, this was a marked feature, and in a number of specimens

the proportion or percentage of these large ova present at one time was
determined. In the gurnard the percentage ranged from 0-9 to 2

"6, in

the haddock from 4-6 to 37 '6, in the whiting from 17*1 to 20, in the

saithe about 9, tusk about 1, turbot about 4 "5, in the plaice about 6, in

the flounder 5 to about 8. The proportion of these fully mature hyaline

ova, while it seems to vary in different species, increases with the progress

of spawning. It seems to be due to sudden accession of fluid from the

ovarian follicles, which increases the bulk of the ovum and renders the

opaque contents clear by dilution. When the ova were boiled, those

which bad suffered the hyaline enlargement were always much paler,

watery, and more easily ruptured than those which were small and opaque
—the latter becoming intensely white. In pelagic ova it is at this stage

that they first acquire the property of buoyancy ; but this sudden hyaline

* * The Proportional Numbers and Sizes of the Sexes among Sea Fishes. '

—

Eighth
Annual Report of the Fishery Board, part iii. p. 348, 1890.

t Vide Darwin's Descent of Man, p. 249 ; Salmon Problems, by J. Willis Bund,
1885 ; and Part II. of the present Report.
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enlargement is not confined to pelagic forms. It does not occur in the

ova of the trout, lumpsncker, herring, or smelt (which are rapidl}^ deposited),

but it occurs markedly in other forms, such as Liparis, Cottus huhalis

(probably also Cottus scorpius), Syngnathus acus, Anarrhichas and, as 1

am informed by Sir James Maitland, Bart., it occurs also in the grayling.

The process is probably essentially similar both in pelagic and such

demersal ova. The degree of increase in bulk varies in different species,

and is in many cases indicated below. In some fish the increase is not

great ; in the plaice it is very marked, the ovum suddenly attaining four

times the bulk, as it is also in Anarrhichas. In the long rough dab

the expansion appears to take place just prior to extrusion, and the fully-

mature ovum is very large.

2. Proportional Number of Ova Produced by Different Species.

As shown in detail below, the number of eggs produced in each season

by different species of sea fish varies enormously—from the 20,000,000

or 30,000,000 of the ling to the few hundreds of the pipefish. As a rule,

the larger the species the greater the number of ova produced, but this is

subject to many exceptions. For example, the halibut produces far fewer

eggs than the ling, cod, or turbot ; the flounder far more than the lump-

sucker. The flounder, in proportion to its size, is the most fecund of all

seatish, and the lumpsucker the least so. The ratio of the number of eggs

to each 1000 grains of the rest of the body was determined, and a few of

the results may be given. The flounder produces from 120,000 to

198,000 ova for each 1000 grains of the rest of the body; the cod from

30,000 to 60,000; the haddock from 13,000 to 32,000; the long rough

dab from 35,000 to 81,000 ; the plaice from 9,000 to 20,000 ; the lump-

sucker from 1,300 to 2,800; the sparling from 40,000 to 45,000 ; the

herring from 4,300 to 9,000.

As a rule, also, the larger the individual fish of the same species, the

greater the number of ova ; but this statement is likewise subject to

important exceptions.

The enormous fecundity of most marine food-fishes is a measure of the

destruction that takes place among the eggs after they are shed, and
amongst the young fish ; and the rational principle of the artificial pro-

pagation and culture of sea fish is based upon careful protection at these

stages.

3. Variation in Fecundity in Individuals of the same Species.

In the course of the investigation it was rendered very evident that

wide difference exist among individuals of the same species, in regard

to the proportional weight of the ovaries, the number of ova produced,

&c. Some of these are indicated below. In order to obtain more certaiu

data on this subject sixteen herrings were carefully examined, this species

being selected because ripe specimens were easily procured, and the ova

were large, uniform, and not very numerous. Most of the details are

given on p. 260. The number of ova produced varied from 21,500 to

47,466, the mean being 31,768. The ratio of the weight of the ova to

the rest of the body at 1,000 ranged from 152*39 to 345-16, the mean
ratio being 242*3. The ratio of the number of ova to each 1,000 grains

of body-weight varied from 9,695 to 21,431, the mean being 14,392.

The number of eggs per grain varied from 43*19 to 91*83, the mean being

61-24.

From these and other data it appears that the reproductive organs and

the reproductive function are extremely variable among different indi-

viduals of the same species of fishes.
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COTTIDiE.

Short-Spined Cottus (Cottus scorpius.)

A female, b\ inches in length, and weighing 402 grains, was caught in

February in St Andrews Bay. The ovaries weighed 38 grains, and were

of a beautiful rich strawberry colour, each ovum possessing this tint. The
ova, which were all enumerated, numbered 2742. They were translucent,

of uniform size (r27 to 1*20 mm. in diameter),"^ and no minute eggs

were present. A second specimen, 11 j inches in length, and w^eighing

17 ounces, was caught on April 2. It was spent, only live large red ova

being contained in the ovaries.

Long-Spinbd Cottus (Cottus huhalis).

The fecundity of four specimens was determined, all caught at Dunbar
in the early part of March. The details are as follows :

—

Length of

Fish
(in inches).

"Weight
of

Fish.

Weight of

Ovaries

(in grains).

Weight of

part taken
(in grains).

Number of

Ova
counted.

Total

Number
of Ova

in Ovaries.

1

2

3

4

3|

71

5

6|

278 grs.

1750

557 „

1312-5 „

56-3

296

140

130

15-44

10-6

10-15

10

\

-

( Large, 435
[Small, 800 (?)

r Large, 302

I
Small, 850 (?)

' Large, 396

[
Small, 900 (?)

f Large, 443
[Small, (?)

1,586

2,917
8,433

23,735
5,462

12,413

5,759

(?)

A number of other specimens were examined. In all the mass of the

ovaries was made up of large, gelatinous, translucent ova, with minute
ova in the interstices ; and it was a matter of great difficulty to determine
the number of the latter with any exactitude. In some cases the ovaries

were green, in others they were greyish or brown. The large, slightly

brownish translucent ova were of uniform size, having a diameter of 1 -50 to

1'39 mm.; the largest of the smaller were 0'72 mm. in diameter, graduat-

ing in size to those only clearly visible under a lens. From a spent female
a few (four) eggs were squeezed, each with a diameter of I'd' mm. The
condition in Cottus huhalis is very different from that in some other fishes

having demersal ova

—

e.g., the herring and lumpsucker—in which there is

a practically equal development of the ova throughout the ovaries. From
the number and appearance of the opaque eggs, it seems improbable that

they represent the residuum for next season's spawning. It is far more
likely that the spawning of Cottus huhalis is prolonged, and that the ova
ripen and are extruded in successive crops. Minute ova were not
detected in the single specimen of Cottus scorpius examined.

Grey Gurnard (Trigla gurnardits).

In March and April, a number of female gurnards with apparently
well-developed roes were examined, and portions of the latter weighed
and prepared. In all, the enumeration was unsatisfactory owing to
the presence of great numbers of exceedingly minute ova. The largest
ova in the March and April specimens were 0*7 mm. One specimen,
caught on 12th May in the Firth of Forth, was 121 inches long and
weighed 10\ ounces. The ovaries weighed 478 grains. Six grains pre-

* Unless when represented in italics, the measurements were made after the eggs
had been prepared as described on page 244.
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pared and examined contained seventy-four large hyaline ova, 1*59 to 1'35

mm. in diameter, and a great number graduating from 0*9 mm. to 0*05

mm. My notes on the external appearance of the ovaries are as follows :—'Very soft, ripe; numbers of large hyaline ova; pale brown in colour;
* probably some ova voided.' The ovaries of this fish contained about 6000
mature hyaline ova; probably between 40,000 and 50,000 ranging in

diameter from 0'9 mm. to 0*5 mm., and a still greater number of more
minute ova. Later in the season other specimens were obtained which
enabled more accurate computation to be made as to the numbers of ova
present at the time in the ovaries, as shown in the table.

Length of

Fish
(in inches).

Weight
of

Fish.

Weight of

Ovaries

(in grains).

Weight of

part taken
(in grains.)

Number of

Ova
counted.

Total
Number
of Ova

in Ovaries.

1 m 9| oz. 530 10 -

Large, 35
Small, 3600

1 o er el,O00

190,800

2 14 12| „ 506

3635
Large, 184
Small (?)4500

192,655

9,255

(?)235,605

3 14i 14 „ 625

4684
Large, 110
Small, 4200

244,860
6,875

262,500

4 13i 13i „ 746

4310
Large, 98
Small, 3886

269,375
7,310

289,895

6 15i 19 „ 572

3984
Large, 236
Small (?)4400

4636

297,205
13,499

265,179

278,678

All these specimens were caught in the Firth of Forth—the first on
15th May, the second and third and fifth on 22nd May, and the fourth

on June 11th. Fully mature clear ova were present in all the ovaries,

and a certain number had very probably been voided. The aid of a lens

was required in enumerating the more minute ova. One peculiarity was
noticeable, that ova of all sizes, from the most minute to those just under

the fully mature, could be detected. In the gurnard the gradual process

of ripening and the co-existence of perfectly mature and microscopic ova

is even more marked than in the whiting, and shows that the spawning

process is a prolonged one.

CATAPHRACTL
PoGGE {Agonus cataphractus).

Mr T. Scott forwarded a specimen caught on the 20th February in the

Firth of Forth.* It was 5^ inches in length, and weighed 252 grains.

The ovaries, which were ellipsoidal and filled up the whole of the small

abdominal cavity, were of a reddish-salmon colour. They weighed 84

grains, or exactly one-third of the gross weight of the fish. The ova were

large, of uniform size (1-8 mm.), loosely connected in the thickish ovarian

membrane, and typically demersal in character. I counted all the ova

;

they numbered 1146, or an average of 13 '6 per grain. The pogge is thus

one of the least fecund of the species examined, and at the same time

possesses a reproductive organ heavier in relation to the rest of the body

than any other species. No minute ova were detected.

* This specimen lived for eighteen hours in fresh water.
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PEDICULATI.

Angler (Lophiiis piscatorius).

On the 19th February Mr Melville, the Fishery officer at Fraserburgh,

forwarded the roe of an angler, taken from a fish ' nearly 4 feet ' in length.

The length of the roe was 36 feet, the breadth in the centre 10 inches,

and at the ends 6 inches; its weight was lOJ lbs. One ounce (437 '5

grains) was prepared and the ova counted. They numbered 8011, indi-

cating the number contained in the ovary of this fish to be 1,345,848.

The pyriform ova were about 1-8 by 1*2 mm. Another angler 44 inches

in length (but the weight of which was not ascertained) was captured by

Mr Scott in the ' Garland,' in the Firth of Forth, on 25th May. The

ovary was nearly mature, 17 feet 7 inches long, and weighing 4 lbs. 2 oz.

A part weighing 120 grains was found to contain 2143 ova indicating

1,312,587 to be present in the ovary. The long diameter varied from

about 1-35 to 0-45 mm. The ova of the angler are pear-shaped, pos-

sessing a slender pedicle of attachment, and exhibiting somewhat flattened

surfaces from adpressure. They are surrounded by a gelatinous hyaline

substance which swells in water, and becomes opalescent and thickened

on the addition of boiling watar. Professor Prince has described them

in the present Report {vide p. 343). Mr Melville obtained another roe

on the 28th March, which was 91 feet in length and weighed 'over

' 25 lbs.,' but not well enough preserved for examination. On the above

data this roe probably contained 3,204,400 ova. Thompson* found a

female 4J feet long in December, with a roe weighing 1 lb. 13 oz., which

he computed to contain 1,427,344 ova * well developed,' and measuring

-^T^ of an inch in diameter.

TRACHINIDiE.

The Lessbi^ Weever {Trachinus vipera).

Mr JamiesoD secured specimens of this fish at Dunbar at the end of

June, the fecundity of two of which I have determined. In both cases

the bulk of the ovaries consisted of clear fully-mature ova, 1*2 to 1-26 mm.
in diameter, the residuum being composed of eggs of very varying sizes.

A considerable number of these ranged about 0*7 mm. A large quantity

were very minute (0*15 mm. to 0*04 mm.). In each case ripe, clear eggs

were found on the exterior of the fish, around the aperture ; hence many
eggs had probably been shed. Professor M'Intosh points out in the pre-

sent Heporfc (p. 326) that the spawning period of this fish is prolonged.

It is evident from the small size of the fish, the size of the ripe ovum,
and the condition of the ovaries, that only a moiety of the ova reach

maturity at one time. The particulars are as follows :

—

Length of

Fish
(in inches).

Weight
of

Fish.

Weight of

Ovaries

(in grains).

Weight of

part taken
(in grains).

Number of

Ova
counted.

Total
Number
of Ova

in Ovaries.

Large 438
Small(?)2400

2838

2,540
13,920

16,460

1 470 grains 58 xo
{

2 61 554 „ 53 «

{

Large 202
Small(?)1600

2,140
16,960

1802 19,100

* The Natural History of Ireland.
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SCOMBRID^.
Mackerel {Scomber scomber).

Two specimens were examined, both caught on the 7th or 8th May off

the Irish coast and landed at Kinsale. The details are as follows :

—

Length of

Fish
(in inches).

Weight
of

Fish.

Weight of

Ovaries

(in grains).

Weight of

part taken
(in grains).

Number of

Ova
counted.

Total
Number
of Ova

in Ovaries.

1

2

16
16

1 lb. 8i oz.

1 lb. 8| oz.

1417
1485

10
10

4510
4320

639,067
689,040

The roes were brownish coloured and 6J inches in length. A large

number of the ova ranged from 0*9 to 0*6 mm. in diameter, graduating

down by intermediate stages to microscopic (0*05 mm.). The process of

enumeration was laborious and necessitated the use of a lens. The
fecundity of this fish has been investigated by a number of individuals.

Harmer* calculated the number of ova present in three specimens, all

caught in June, as follows :—18 ounces in weight, 546,681 ; 20 ounces

in weight, 430,846; 20 ounces, 454,961. Buckland calculated 86,120

to be present in onef ; Bloch in another, weighing 1 lb. 2 oz., caught in

June, estimated the number at 546,681 X ; and Blanchere, 55,000. The
figures given by Harmer agree most closely with mine ; it is probable

that Buckland and Blanchere were either dealing with partly spent fish

or neglected to enumerate the very minute ova.

CALLIONYMIDiE.

Dragonet or Skulpin {Callionymus lyra.)

' Two specimens were examined, both caught on board the ' Garland,' in

the Firth of Forth, on 11th June. When the fish came into my posses-

sion the ovaries were pale greyish-brown, and watery-looking. The
particulars are as follows :

—

Length of

Fish
(in inches).

Weight
of

Fish.

Weight of

Ovaries

(in grains.

)

Weight of

part taken
(in grains.)

Number of

Ova
counted.

Total
Number
of Ova

in Ovaries.

1 1112 grains. 246

Large, 292
Small (?)4300

17,977

(?) 264,450
8| '{

4592 282,427

2 7 457 grains. 48
*

1

Large, 244
Small (?)

2928

(?)

A large part of the ovaries consisted of hyaline ova, about 1 '05 mm.
in diameter. Others ranged from 0*6 to 0*05 mm., as in the whiting, &c.

Professor Prince, in the present Report (p. 349), describes certain features

of the egg of this fish.

* Philosophical Transactions, vol. Ivii. Part I. pp. 285, 291, 1768.

t Report on the Sea Fisheries of England and Wales, p. 247, 1879.

X Ichtyologie ou histoire naturelle gen^rale et particuliere des poissons, Part II.

p. 86, 1785.
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DISCOBOLI.
LuMPSUCKER {Cijclopterus lumpus).

Three specimens were exaQiined, obtained by Mr Peter Jamieson at

Dunbar. No. 1 on January 30, No. 3 on February 19, and No. 2 on

March 24. The particulars are as follows :

—

Length of

Fish

(in inches).

Weight
oK

Fish.

Weight of

Ovaries

(in grains).

Weight of

part taken
(in grains).

Number of

Ova
counted.

Total
Number
of Ova

in Ovaries.

1

2

3

18| 10 lb. 10 oz.

7h lb.

10 lb. 9^ oz.

13,344
13,563

13,781

656-2

437-5
656-2

6746
3572
3798

136,764
110,732
79,758

The ova were of different, but graduated, sizes in the first specimen,

varying from 2-16 mm. to 1 '56 mm. In No. 2 they were more equal in size,

ranging about 2*2 mm. ; a few were larger (2-34 mm.) and some smaller

(1-8 mm.) In all cases, and in a number of others examined, the eggs

were of a rosy tint, and this seems to be the normal colour when the ova

are deposited, although they may subsequently turn greenish, the change

in tint being apparently due (as some experiments I made seem to show) to

exposure to light. Masses of ova from the rocks, green on the surface,

show the rose-tint towards the centre on being broken up. Each fully-

developed egg of the lumpsucker weighs a little less than one-eighth of a

grain. The lumpsucker is apparently the most fecund of sea-fishes having
glutinous demersal ova. The uniformity of growth throughout the mass
of the ovaries is connected with the great rapidity of the deposition of

the ova. Bloch* states that in a lumpsucker weighing 6J lbs., in which
the ovaries weighed 2 lbs. ^ oz., he found 207,700 ova present.

Diminutive Sucker {Liparis mo7itagui.)

Several specimens were examined, but, as in Cottus huhalis and some
other forms, it was found very difficult to give a numerical expression to

the fecundity. One sent by Professor M'Intosh on 9th March measured

2-6g. inches in length, and weighed 65 grains. The ovaries weighed

(V)arely) 10 grains. On opening the abdominal cavity a number of large

eggs came out isolated
;
they were pale yellow and translucent, and

practically uniform in size {1 to 1'2 mm.). There was a considerable

number of smaller ova (0-7 to 0*6 mm.), most of which were easily

separable ; but the posterior dorsal portion of the ovary consisted of a

mass of exceedingly minute eggs (0-25 to 0*04 mm.), which I did not

attempt to count. The large clear ova numbered 537, the intermediate

size 256. In a second specimen (length, 2| inches
;
weight, 66 grains)

he ovaries weighed 4J grains, and were in the same condition.

BLENNIIDJE.

Catfish (Anarrhichas lupus).

The ovaries of this fish were obtained by Mr Jamieson at Dunbar on
28th May, but he was unable to obtain the fish itself, so that its length

and weight cannot be given. The two ovaries were firmly welded to-

gether by fibrous tissue, and weighed 2003 grains. The ova were dull

amber-coloured or pale olive, adhering in groups or strings, the great mass
consisting of ova of nearly uniform size (2*1 to 2*5 mm.). Along with these

* Ichtyologie ou histoire naturelle generate et particulidre des poissons, Part II.

p. 92, 1785.
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there were a large number of ova much more minute (0*8 to 0*9 mm.)

scattered in the interstices. On careful examination I found a large fully

mature ovum (the only one present), much more pellucid than the others,

6'1 mm. in diameter, and weighing exactly 1'5 grains. I found that it took

eleven of the ova, 2'1 to 2*5 mm. in diameter, to weigh this, and there

were none intermediate iu size. I considered it a good example of what

occurs in the development of the eggs in many fishes—a more or less

gradual growth up to a certain point, and then a sudden expansion. The
medium-sized ova had apparently begun to undergo this process prepara-

tory to extrusion. There were a few (but very few) intermediate in size

between the latter and the more minute ova, which no doubt served for a

second crop. Sixty grains were weighed and counted
;

they contained

431 large ova, and 320 of the very minute ones ; so that the total number
present in the ovaries would be—large, 14,388; small, 10,682 = 25,070.

GASTEROSTEID^.
Fifteen-Spined Stickleback (Gasterosteus spinachia).

Two specimens caught at Dunbar in March gave the following results:

—

Length of

Fish
(in inches).

Weight
of

Fish.

Weight of

Ovaries

(in grains.)

Weight of

part taken
(in grains).

Number of

Ova
counted.

Total

Number
of Ova

in Ovaries.

1 210 29 « {

Large, 121

Small (?) 600
585

(?) 2900

2 en 239 20 ^ {

Large, 128

Small (?) 800
640

(?) 4000

The bulk of the ovaries was composed of relatively large clear eggs,

almost but not quite uniform in size (1*4 mm. to 1*3 mm.). Besides

these, and between them, there was a great number of very small ova,

from 0*7 mm., very difficult to enumerate.

GADID^.
Cod (Gadus morrhua.)

Three specimens were examined—one caught on March 13, east of May
Island ; one on March 24, also east of May Island ; and the third on May
6, 100 miles east of May Island. The particulars are as follows :--

Length of

Fish
(in inches).

Weight
of

Fish.

Weight of

Ovaries

(in grains).

Weight of

part taken
(in grains).

Number of

Ova
counted.

Total

Number
of Ova

in Ovaries.

1 23 lb. 32,409 60 7350 3,970,102
2 38 m „ 33,006 45 9068 6,652,390

3 35 16 „ 12,687 30 7008 2,963,683

In all these fish the roe was quite matured, and contained large clear

ova, 1*2 to 1*4 mm. in diameter; in the first specimen some of the eggs

had almost certainly been already expelled. The opaque ova ranged from
0*8 to 0*5 mm. It will be noticed that in 30 grains of No. 3 there were

almost as many ova as in 60 grains of No. 1. The weighing and enumera-

tion were done with the greatest care.
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The proportion of large clear to small opaque ova in each case was as

follows:—No. 1, 1385:5965 ; No. 2, 1241:7827 ; No. 3, 633:6375: or

23*2, 15"8, and 9'9 per cent, respectively. As in most other fish with

pelagic eggs, there were exceedingly few ova intermediate between the

large clear ones and the largest of the opaque ones. There were, however,

a graduation in the size of the latter.

The fecundity of the cod has been studied more perhaps than any other

sea-fish except the herring. Buckland * states that in a cod-roe, vv^eighing

7f lb., he found the average number of eggs per grain to be 140 (in a

quantity of 4 grains weighed), and the total in the fish calculated on this

datum was 7,526,400 eggs. The average number per grain of the three

specimens examined by me was 173*4. Another roe, weighing 3J lb.,

Buckland estimated to contain 1,800,000 eggs. Harmerf estimated

3,686,760 ova to be present in a roe weighing 12,540 grains. This is a

higher average than in No. 3 of my series, the roe in this case being

about the same weight as the one examined by Harmer, but Harmer's

fish was caught in December. Blanchere estimates a cod-roe he examined

to contain 9,000,000 ova. K. E. Earll \ gives the fecundity of specimens

examined by him as follows :—Weighing 70-75 lbs. (ovaries 8 lbs. 2 oz.),

9,100,000; weighing 51 lbs. (ovaries 6 lbs. 13 oz.), 8,989,094; weighing

30 lbs. (ovaries 2 lbs. 6 oz.), 3,715,687; weighing 27 lbs. (ovaries 2 lbs.

7 oz.), 4,095,000 ;
weighing 21 lbs. (ovaries 1 lb. 14 oz.), 2,732,237. The

ova in all these fish except the second were immature ; the number of

eggs per grain varied from 160 to 240; the portion of the ovary weighed
and computed was 6 or 7 grains.

Haddock (Gadus oeglefinus).

Five specimens were examined, all caught off the mouth of the Firth

of Forth in the early part of March. The particulars are as follows :

—

Length of

Fish
(in inches).

Weight
of

Fish.

Weight of

Ovaries

(in grains).

Weight of

part taken
(in grains).

Number of

Ova
counted.

Total

Number
of Ova

in Ovaries.

1 22 4 lb. 2832 30 8543 806,459
2 27 6i lb. 5508 30 2974 546,026
3 18i 2 lb. 6 oz. 2220 30 5398 399,452
4 16^ 1 lb. 11 oz. 1094 10 3192 349,204
5 16^ li lb. 850 10 1844 156,740

In the first specimen the ovaries were ripe, the surface being studded
with patches of large clear ova (1*39 to 1*2 mm. in diameter), and similar

ova escaping from the vent. The other ova, however, possessed very
different sizes. As in other species, there were exceedingly few inter-

mediate between the large hyaline and the largest of the opaque ova
(0*8 mm.) ; but the latter were far from uniform in size—a number were
very small, and many were microscopic (0*18 to 0*05 mm.). The second
specimen was more advanced in maturity. The greater part of the surface

consisted of hyaline ova, which were also freely escaping from the oviduct,

and the membranes were somewhat loose. In the portion of the roe of

this specimen examined there were 1118 large hyaline and 1856 small

opaque ova, and the ova differed markedly in being of two sizes, the large

hyaline (1'09 to 1*2 mm.) and the smaller opaque, which were nearly

* Op. ciL, pp. 179, 246.

t Phil. Trans., vol. Ivii. p. 291, 1768.

t U.S. Fish Commission Reportfor 1878, p. 732, 1880.



256 Part III.—-Ninth Annual Report

uniform in size (0*9 to 0'7 mm.), resembling the condition in the plaice.

In No. 3 the ovaries were fully matured. The opaque eggs were chiefly

large, but a considerable number were small, and there was not the uni-

formit}^ in size as in No. 2. Of the 5398 eggs in the portion taken, 706
were large and hyaline, and 4692 were opaque and of various sizes.

In No. 4 the ova were exceedingly different in size—(1) large hyaline

(148 in number), (2) large opaque (but more intermediate), (3) a gradu-

ated series from the latter to those almost microscopic. There seems to

be a gradual growth until the maximum size of the opaque ova is reached

and then a sudden expansion, and this goes on during oviposition. In

No. 5 the portion taken contained 258 large hyaline ova and 1586 opaque.

R. E. Earll"^ gives the results of the examination of specimens as

follows :—Weighing 9 lbs. 9 oz. (ovaries 8| oz.), 1,839,581 ;
weighing

6 lbs. 13 oz. (ovaries b\ oz.), 849,315; weighing 4 lbs. (ovaries 4J oz.),

403,132 ;
weighing 2 lbs. 6 oz. (ovaries 2 oz.), 169,050. The parts of the

ovary weighed 4 and 5 grains, and the number of ova per grain varied

from 192 to 487-5.

Bib or Brassie (Gadus luscus).

Two specimens were examined, both sent by Mr Scott from the * Gar-
* land' on 12th May. In both, the ovaries were ripe and very soft,

consisting largely of hyaline ova. The colour of the ovaries was greyish.

Length of

Fish
(in inches).

AVeight
of

Fish.

Weight of

ovaries

(in grains.)

Weight of

part taken
(in grains.)

Nnmher of

Ova
counted.

Total

Number
of Ova

in Ovaries

1 m 5| oz. 166 •

{

Large, 435
Small, 3150

12,035
87,150

3585 99,185

2 9| 5^ oz. 190 6

1

Large, 272
Small, (?) 3200

8,613

(?) 101,333

109,9463572

The diameter of the large ova was from 1'03 to 0*9 mm.; of the smaller

from 0'59 mm. to about 0*05 mm.

Whiting {Gadus merlangtis).

Eleven whitings were examined in March and April, but so large a

proportion of the ova were minute that enumeration was not attempted,

although many of them contained large hyaline mature ova. This was

the case even in March. A specimen caught on 25th March in the Firth

of Eorth was 14 inches in length and weighed 14 ounces; the ovaries

weighed 918 grains (deducting the weight of the ujembranes, &c.). Ten
grains contained 308 clear ova, 1'3 to 1*2 mm. in diameter, which gives

the total of such ova in the ovaries as 28,274. There were a very large

number of smaller ova, ranging from 0'85 mm. to 0'05 mm. Another
specimen, caught on 20th March in the Firth of Forth, was 17 inches in

length and weighed 29J ounces. The ova weighed 1048 grains. Fifteen

grains contained not more than six or eight of the large ova, but several

thousands of sn)aller sizes dovk^n to microscopic. This fish contained at

least from 150,000 to 200,000 ova. So witli those in April. Mature
hyaline ova existed in most of these specimens. On the 8th May two

* U.S. Fish Commissio7i Beport/or 1878, p. 733, 1880.



of the Fishery Board for Scotland. 257

specimens, caught in the Firth of Forth, enabled computation to be made,

with an approximation to exactness, of the number of ova present at the

time in the ovaries. The details are as follows :

—

Length of

Fish
(in inches).

Weight
of

J; ISil.

Weight of

Ovaries

^111 gralllis ),

Weight of

part taken
Number of

Ova
counted.

Total
Number
of Ova

in Ovaries.

1 lOJ oz. 277 10

(
Large, 677

\ Small, 3271

( 3948

18,752
90,606

109,358

2 16i 343 10

(
Large, 770

\ Small, 3070
26,411

105,301

( 3840 131,712

My notes on the appearance of the ovaries of these specimens are,

' Markedly ripe
;
hyaline ova compose fully half of mass

;
probably partly

* spent.' The large hyaline ova were from 1 *! 4 to 1 '2 mm. in diameter ; the

smaller ranged from 0*8 mm. to 0'06 mm. All the ova in the part taken

were enumerated, the more minute requiring the aid of a lens. From what I

have stated, it is evident that in the whiting the process of the growth of

the ova is gradual, and that successive crops as they become mature are

shed, the process of spawning probably occupying six weeks or two
months. The two specimens described in the table had almost certainly

shed a considerable proportion of their ova, and thus it is difficult to give

numerical expression to the fecundity of this species. The number of ova

produced is probably at least between 200,000 and 300,000. It may be
pointed out that in the specimens examined the ratio of the weight of

th^ ovaries to the weight of the rest of the fish was small in comparison
with other species. The average of this ratio for nine specimens was
less than 1 to 10 (93"24 grains to each 1000 grains of the rest of the

body). It is instructive, with reference to the foregoing remarks, to com-
pare the ratios in March and May. The average ratio for four specimens

in March was 112-3; the highest being 181-74, and the lowest 90*65.

The average for four specimens in May was 54*9
; the highest being 64*18

and the lowest only 35*66. The great decrease in the relative proportion of

the reproductive organs in May, with the presence in it all along of quite

immature minute ova, demonstrates how gradual the spawning process is.

Saithe (Gadiis vii'ens).

Two specimens were examined ; one caught on 2nd February in the

Firth of Forth, and the other on 11th March, east of May Island.

The ovaries were pale and white. The particulars are as follows ;

—

Length of

Fish
(in inches).

Weight
of

Fish.

Weight of

Ovaries

(in grains).

Weight of

part taken
(in grains).

Number of

Ova
counted.

Total
Number
of Ova

in Ovaries.

1

2
39|
37

22i lbs.

17i u

14,867

11,914

90
20

47,116
8,824

7,783,040

6,256,466

T
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The ova of the saithe are minute. The first specimen contained no
large clear ova, and the ova were not of uniform size. The ovary of

the second specimen was much more developed ; the great mass was
composed of white and opaque ova from 0*65 mm. to 045 mm. in

diameter, but there were considerable numbers of large clear ova about
0'9 to r8 mm. in diameter, scattered over the surface and throughout

the substance of the ovaries. Of the number counted, 739, or over 9 per

cent., were of the large size.

From the above figures, it is evident that the saithe is one of the

most fecund of sea-fish. Earll* states that a pollock 39^ inches long

and weighing 23| lbs. had 4,029,200 eggs, and one weighing 13 lbs.,

^,569,753. Day f sta.es that a coal-fish at 21 lbs. had 8,260,000 eggs.

Ling (Molva vulgaris).

Four specimens were examined, all caught in the North Sea ; one

east of May Island on 22nd April, another in the same area on 25th

March, the third on 7th May, 100 miles east of May Island, and

the fourth on 29th May. The details are given in the table appended :

—

Length of

Fish
(in inches).

Weight
of

Fish.

Weight of

Ovaries
(in grains).

Weight of

part taken
(in grains).

Number of

Ova
counted.

Total
Number
of Ova

in Ovaries.

1 61 54 lbs. 48,240 15 8,819 28,361,904

2 45 25 „ 26,920 30 20,640 18,520,960

3 45 18i „ 20,708 15 8.914 12,306,074
4 62 40 „ 26,250 6 3,320 14,525,000

In each specimen, the ovaries, which are pale, were composed of a

great mass of small opaque white eggs, of practically uniform size

(0-5 to 0*7 mm.). There were no large hyaline eggs, which shows that

the ovaries were not mature. The condition of the ovaries was very

different from that in the gurnard, whiting, &c., in which perfectly

mature hyaline ova may be escaping from the oviduct, while a considerable

number of the other ova are very small and immature. In the ling the

ova seem to ripen almost simultaneously, at least up to the hyaline stage.

MTntosh X gives the diameter of the pelagic ova of the ling at 0*0916 of

an inch, which shows that a considerable and probably sudden expansion

occurs. The data given in the tables show the ling to be extremely fecund

—the most fecund, indeed, of all sea fish. I:reither Harmer, Bloch,

Buckland, nor Blanchere gives figures representing its fecundity, but Day§
states that one weighing 100 lbs. was estimated to possess 160,000,000

ova, an estimate almost certainly erroneous. In April last, there was

landed at Kirkwall a ling 69 inches long, and 86 lbs. in weight, with a

roe weighing 14 lbs. This fish is one of the largest recorded, and on the

basis of the figures in the above table, the ovaries of this fish would
contain 60,432,750 ova—an enormous number, but very much less than

that given by Day,

Four-bearded Rockling {Motella cimbria).

One specimen, caught at Dunbar on 21st May, was 9i inches long,;

and weighed 1025 grains. The ovaries weighed 106 grains. Two grains^

Avere found to contain 451 large (0-72 to 0*6 mm.) and about 2240 smaller,'

~ " " * Op. cit
, p. 733.

€-^w,^'bt.T f British Fishes^ vol. i. p. Ixiii.
j

X Trqns. Boy. Soc. Edin., vol. xxv. part iii. p. 670. 1

§ British Fishes, vol. i. p. Ixiii.
j
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tlio sizes of these varying from 0'36 to 0*18 mm. There were few inter-

mediate between the large and small. The total number contaiaed in the

ovaries would bo :—Large, 23,744; small, 118,720=142,464.

Five-bearded Kockling {Motelta mustela).

Mr Jamieson procured a number of these at Dunbar. The examina-

tion of two specimens, caught on 7th April and 25th May, shows the

following results :

—

Length of

Fish

(in inches).

Weight
of

Fish.

AVeight of

Ovaries

(in grains).

Weight of

part taken
(in grains).

Number of

Ova
counted.

Total
Number
of Ova

in Ovaries.

1 576 100
^

1

Large, 1340
Small, 2200

3540

26,800

(?) 44,000

70,800

2 71 826 180 ^
1

Large, 1184
Small(?)1700

42,624

(?) 61,200

2884 103,824

The greater part of the ovaries consisted of ripe eggs, from 0*72 to 0*77

mm. in diameter. The small ova were all sizes, between 0*37 and 0"06 mm.

ToRSK or Tusk (Brosmius hrosme).

The ovaries of two specimens of this fish were examined, both caught

off the east coast of Scotland, one on the 4th and the other on the 24th

April. The roe is deeply coloured, orange-brown. The particulars are as

follows :

—

Length of

Fish
(in inches).

AVeight
of

Fish.

Weight of

Ovaries

(in grains).

Weight of

part taken
(in grains).

Number of

Ova
counted.

Total

Number
of Ova

in Ovaries.

1

2

34
34

15 lbs. 5| oz.

15 lbs.

10,610

6,562

60
30

12,916

3,612
2,283,979
790,064

In the first specimen there were no large clear eggs, the whole

mass of the ovaries being composed of eggs of a nearly uniform size,

thus dilfering from the Gadidae, in which very various sizes are found.

Mr Mair, who obtained the second specimen, thinks that it had voided

some of its ova, a supposition supported by the relative weights of the

ovaries in the two specimens. Large clear ova were found in this speci-

men, having a diameter of from 1*4 to 1*32 mm., but very few, not above

forty or fifty, in the 3612 counted. The opaque ova ranged from 1 to

0-7 mm.

OPHIDIIDvE.

The Greate-r Sand-eel (Ammodytes lanceolatus).

The reproduction of the sand-eel has hitherto been involved in much
obscurity. The spawning and ovum of this fish have now been determined

by Professor M'Intosh {vide p. 331). Three specimens, caught at Elie,
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Fifesliire, on 19tli May, were examined by me. The details are as

follows :

—

Length of

Fish
(in inches).

Weight
of Fish

(in grains).

Weight of

Ovaries

(in grains).

W eight of

part taken
(in grains).

Number of

Ova
counted.

Total
Number
of Ova

in Ovaries.

1 12 984 92 3
/Large, 1084

\ Small, 940 (?)

33,242
28,826

62 068

"2 12 1021 65 3
/Large, 1550

t Small, 1300 (?)

33,583
28,166

61,749

3 9i 557-5 61 3
/Large, 1441

t Small, 1635 (?)

17,580
19,947

37,527

The ovaries were yellowish-brown, the tint resembling that of the

ovaries of the common sole. Those of the third specimen appeared

most fully developed. The abdomen of the fish was not swollen by

the presence of the ovaries, which, apparently, were carried with ease.

The great bulk of the organ was composed of ova of a trans-

lucent brownish appearance. These ova became intensely white and

opaque on boiling, in which condition they were hard and not easily

ruptured, as is the case with demersal ova. The size of these ova was

from 0"82 to 0*58 mm. The ova classed as 'small' consisted of compara-

tively few of about half the size of these, and a large number going

down to microscopic (0"06 mm.). A proportion of the small ova were

enumerated with the aid of a lens, and the remainder estimated from

the figures obtained. I may mention that, as in the case of the herring,

and differing from most if not all fish with pelagic ova, the testes are

larger and heavier than the ovaries. Thus, of six specimens taken

at random, the gross weight of the testes of three specimens was
323'5 grains, giving an average of 107'8 grains for those of each fish.

The gross weight of the ovaries of the other three specimens was

(inclusive of membranes), 227*5 grains, or an average for each fish of

75-8 grains. The females were longer and somewhat heavier than the

males. The number of the sexes, as in the herring, appears to be about

equal.

The Lesser Sand-Eel (Ammodytes tohianus).

In the end of June Mr Jamieson procured some ripe specimens at

Dunbar, and I determined the fecundity of two specimens, as follows :

—

Length of

Fish

(in inches).

Weight
of

Fish.

Weight of

Ovaries
(in grains).

Weight of

part taken
(in grains).

Number of

Ova
counted.

Total

Number
of Ova

in Ovaries.

1

2

7

5i

302 grains

128 „

71

24
6

4

3068
2255

36,305

13,350
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The condition differed markedly from that shown by A. lanceolatus in

May, inasmuch as all the ova were of fairly uniform size, ranging between

0-63 and 072 mm. The hsh were caught at the end of the spawning

period, and the ova which they contained probably represented the last

batch of the season.

PLEURONECTID.E.

Halibut {Hippoglossus vulgaris).

Mr John Murray, the fishery officer of the Leith district, procured for

me the roe of a halibut, caught east of May Island on February 18 last.

The fish was 5^ feet in length, and weighed 265 lbs. The roe was pale,

Avith a very faint pinkish tinge, and weighed 11 lb. 14 oz. The eggs were

of practically uniform size, easily separable, but not quite ripe. Unfor-

tunately it was omitted to ascertain their diameter, but for unripe

pelagic eggs they were relatively large. The roe of a second specimen,

which weighed 131 lbs., was obtained on the 4:th of June and another on
26th June. The particulars are as follows :

—

Length of

Fish,

(in inches).

Weight
of

Fish.

Weight of

Ovaries
(in grains).

Weight of

part taken
(in grains).

Number of

Ova
counted.

Total
Number
of Ova

in Ovaries.

1

2

3

5^ feet

5 feet 10 in.

265
131

73

11 lbs. 14 oz.

2 lbs. lO^oz.

1 lb. 3 oz.

60
10
10

3,282

1,508

1,792

4,451,212

2,803,975

1,489,510

In the second and third specimens the substance of the ovaries was
cream-coloured. The ova varied a little in size, being from 1-27 to 0*7

mm. in diameter. In the second specimen the ova weighed about of

a grain each, while in the first specimen each ovum weighed about ^-^ of

a grain, or rather more than the nearly ripe ovum of the plaice. In the

third specimen a number of minute ova (0*3 to 0*17 mm.) were detected.

The Long Rough Dab {Hippoglossoides limandoides.)

In comparison with other flat-fishes, and indeed with other sea-fish,

producing pelagic ova, the long rough dab has a -very low degree of

fertility. The female is in no way incommoded by the ova she has to

carry. The ventral and dorsal surfaces in the fully ripe fish do not
exhibit the distended condition seen in the flounder and plaice ; the ovaries

stop short at some distance from th.e root of the tail, and the posterior

prolongation is very slender. The ovaries are brownish-orange in colour.

Another point that shows the ease of reproduction, so to speak, is the
almost unform size of the ova throughout the ovary when it is on the
point of maturity (0'97 to 0*64 mm.). The particulars as to the specimens
examined, all of which were caught on March 12 at the mouth of the
Firth of Forth, are as follows :

—

Length of

Fish
(in inches).

Weight
of

Fish.

Weight of

Ovaries
(in grains).

A¥eight of

part taken
(in grains).

Number of

Ova
counted.

Total
Number
of Ova

in Ovaries.

1 n 1-91 oz. 128-25 10 4515 57,904
2 n 1-72 „ 92-75 10 5689 52,765
3 8tV 1-97 „ 80-25 10 3481 27,935
4 7i 1-96

,,
124-0 10 2865 35,526

5 81 3-10
,,

215-0 15 3183 45,623



262 Part III.—Ninth Annual Ee'port

The average fertility of the long rough dab may be placed at between

40,000 and 50,000. This is very little more than the herring and much
less than the lumpsucker, both of which possess demersal ova, and con-

trasts strikingly with the high fertility of the flounder, one of the latter

containing as many ova as twenty long rough dabs.

TuRBOT {Rhombus maximus).

I was able to procure five specimens sufficiently developed to enable

the fecundity to be determined. One was caught by the 'Garland'

about 5 miles south-east of the Isle of May on 14th April. The second

specimen was caught on the 12tli May, the third on 28th May, the fourth

on 5th June, and the fifth on 24th June, all east of May Island. The
details are as follows :

—

Length of

Fish
(in inches).

Weight
of

Fish.

Weight of

Ovaries

(in grains).

Weight of

part taken
(in grains).

Number of

Ova
counted.

Total

Number
of Ova

in Ovaries.

1

2

3

i

5

28

?

24

?

?

17 lbs. 5 oz.

181 lbs.

14 lbs.

18 lbs.

21 lbs.

9,680
11,194
11,700

10,500

16,844

10
10

6

8

8

9,568

8,774
4,156

f Large, 184

t Small, 4092

9,161,824

9,820,615
8,104,200
241,500

5,370,750

4,276
4,804

5,612,250

10,114,822

The ova of the three first specimens were small and of various sizes

(but not showing the extreme diversity of those of the haddock, whiting,

&c.), ranging from about 0*63 to 0*45 mm. In the fourth specimen,

caught later in the season, a small proportion of the ova (4*3 per cent.)

were large, hyaline, and fully mature, measuring 0*9 to 0-97 mm. in

diameter. The opaque ova graduated down from 0*76 to 0*45 mm., but

there were comparatively few so small as the latter. Buckland* states

that a turbot weighing 23 lbs. possessed a roe which weighed 5 lbs. 9 oz.,

and contained 14,311,200 eggs. The ova in the latter specimen were no

doubt more fully developed than in the one I have described. Turbot

are recorded which turned the scales at 46 lbs. : if the fertility was in the

same ratio as in those mentioned, fish of this weight would produce about

30,000,000 eggs. Thus the turbot is one of the most fecund of sea fish.

Brill {Rhombus Icevis).

Only one specimen was available, caught on June 23rd. The length

of the fish was not ascertained ; its gross weight was 5J lbs., and the

weight of the ovaries was 2783 grains. The ovaries were pale, cream-

coloured. Ten grains contained 22 large hyaline ova, and 2922 smaller

opaque ova. The total number in the ovaries would therefore be—large

mature ova, 6122; small opaque, 819,315, or a total of 825,437. The

large ova were from 1*20 to 1-26 mm. in diameter. The opaque were

mostly nearly uniform in size (0*77 mm. to 0'56) ; but a very few much

more minute ova were detected (0-35 to 0*09 mm.). Bucklandf states

that a brill he examined contained 140,000 eggs; but no further par-

ticulars are given.

* Op. cit., pp. 209, 249.

j
t Op. cit., p. 246.
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Sail Fluke {Arnoglossus megastoma).

A female of this species, with well-developed ovaries, was caught off

the Firth of Forth on llth June. It was 18 inches in length, and
weighed 1 lb. 12 oz. The ovaries were pale cream-coloured, almost white,

and no large clear ova could be seen
;
they were small, compared with the

size of the fish. They weighed 897 grains. The upper ovary was 6

inches in length, and weighed 510 grains ; the lower ovary was 5

inches long, and weighed 387 grains. Five grains were taken, and on

enumeration were found to contain 2456 eggs, so that the total in the

ovaries would be 440,606. The diameter of most of the ova ranged from
0-90 to 0-72 mm.

The Plaice (Pleuronedes platessa).

Of this species, five fully developed females were examined, all of

them caught in January about 15 miles north-east of St Abb's Head.

In the plaice the ovaries are very large when the fish is mature, and
extend posteriorly to the root of the tail, both the dorsal and ventral

surfaces of the fish showing marked tumidity from the vent backwards.

In those examined, the dorsal or upper ovary was usually, but not

always, longer than the ventral ; in four of the specimens it was
heavier, in one case to the extent of an ounce; in the fifth it was
equal in weight to the ventral ovary. The particulars of each specimen
are as follows :

—

Length of

Fish
(in inches).

Weight
of

Fish.

Weight of

Ovaries

(in grains).

Weight of

part taken
(in grains).

Number of

Ova
counted.

Total

Number
of Ova

in Ovaries.

1

2

3

4

5

174 3 lb. I oz.

2 lb. 10 oz.

4 lb. 3i oz.

4 lb. Hi oz.

3 lb. 124 oz.

2743
2962
5870
7545
7000

240
240
240
240
210

19,555
12,030
19,915

10,330

9,695

223,497
148,470
487,087
324,749
323,166

22

22i
20i

In a plaice just on the point of maturity the great mass of the ovaries

is formed of eggs having a diameter of about 0*9 to 1 mm. In the ripe

plaice these are interspersed with large clear mature ova, having a diameter

of about 1*65 mm. If the roe is boiled and sliced, it will be found that the

large eggs are scattered throughout the mass, but rather more crowded
towards the centre and the anterior end. Ova of these tw^o sizes make up
the ovary; eggs of an intermediate size are very rare, not more than one in

a thousand; so that the expansion of the ova is extremely rapid. In the

specimens examined No. 1 and No. 3 were composed entirely of eggs of

the smaller size ; Nos. 2, 4, and 5 possessed eggs of the two sizes. Of a

mass of ova squeezed from a ripe plaice, 180 grains contained 2590 large

ova and only 39 small ; 60 grains removed from the surface contained

183 large and 2830 small. The weight of the large clear ova is therefore

about of a grain, and that of the small about -^^y or more than four

times less.

Buckland states* that in a fish weighing 5 lbs., the roe weighing 1 lb.

9 oz., contained only 144,000 ova. It is not stated on what number of

ova the calculation is based, and as the fish was captured at the end of

May it is likely that it was partly spent.

* Bejport on the Sea Fisheries of England and WaleSj pp. 199, 249, 1879.
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Much larger female plaice than those referred to in the table are

obtained, but the average number of eggs produced by each female

plaice may be stated as from 300,000 to 350,000. The plaice is not,

therefore, relatively speaking, a very fertile fish.

Lemon Sole {Pletironectes microcephalus).

Two specimens were examined, both caught on 29th May off the Firth

of Forth. The details are as follows :

—

Length of

Fish
(in inches).

Weight
of

Fish.

Weight of

Ovaries

(in grains).

Weight of

part taken
(in grains).

Number of

Ova
counted.

Total

Number
of Ova

in Ovaries.

1 15 21 lbs. 1960 10 3450 672,200

Large, 410 19,188

2 12^ 15| 07.. 468 10

1

Small, 2800 131,040

3210 150,228

In the first specimen the largest ova measured 0*76 mm., and from
this size they graduated down to 0'16 mm. In the second specimen
clear ripe ova were present (1'15 to 1*2 mm), and there were a few inter-

mediate between these and the general run of the large opaque (0*72 mm.)

;

f^om the latter occurred a graduated series down to 0'06 mm.

Witch Sole or Craig Fluke {Pleuronectes cynoglossus).

Three specimens of this fish were examined, all caught east of May
Island, one on 22nd Ma}^, one on 1st June, and one on 5th June. The
particulars are as follows :

—

Lenth of

Fish
(in inches).

Weight
of

Fish.

Weight of

Ovaries
(in grains).

Weight of

part taken
(in grains.

)

Number of

ova
counted.

Total

Number
of Ova

in Ovaries

Large, 70 16,079

1 20i 2 lbs. 1i oz. 2297
Small, 3170 728,149

3240 744,228

2 18i 1 lb. 11 oz. 1172 10 4040 473,488

Large, 76 17,753

3 9 2 lbs. 2336 .Small, 3704 865,254

3780 883,254

In the first and third specimens there were a few fully developed
hyaline ova present; in the second none were observed. In all speci-

mens the upper ovary was heavier than the lower, in the first by more
than an ounce. The ovaries were long and slender (twelve inches in the

first and nine inches in the second specimen), and they occasioned exceed-
ingly little tumidity of the surface of the fish—very different from the

condition in the plaice or flounder. The colour of the ovaries was pale

fawn or cream ; on slitting them open, they appeared creamy white, in

the first and third specimens a clear dot here and there, showing the
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presence of a mature hyaline egg. The hyaline ova were from 1*2 to

1-26 mm. in diameter; the others measured from 0*81 to 0-63 mm.,

reminding one of the condition in the ling, and very different from that

in the whiting, gurnard, common dab, &c. From the absence of tumidity,

and the comparative uniformity of size of the ova—showing approximately

equal development—it is evident that the reproductive-pressure in the

witch sole is not great ; in other words, it can easily carry all the ova

necessary.

Common Dab (Pleuronectes Umanda).

In March and April several females were examined, but a large

proportion of the ova were so small that enumeration was not attempted.

Better developed examples were got towards the end of May. The three

given in the table were caught in the Firth of Forth, the first on

May 12 th, the other two on May 29th :—

Lenth of

Fish

(in inches).

Weight
of

Fish.

Weight of

Ovaries

(in grains).

Weight of

part taken
(in grains).

Number of

ova
counted.

Total
Number
of Ova

in Ovaries.

1 8^ 1531 grains. 125 *{
Large, 108
Small, 4022

3375
125,437

4130 128,812

2 n 895 grains. 62 '{
Large, 82
Small, 3750

3832

1,694

77,500

79,194

3 8i 1303 grains. 97 4 4530 109,852

In ripe females of this species there is not very much tumidity of the

surface from the presence of the ovaries, and these organs do not extend
to nearly the root of the tail. In each of the specimens a few large

hyaline ova were present (0'9 to 0*94 mm. in diameter). The sizes of the

opaque immature ova varied from 0*54 to 0*06 mm., the great majority

ranging between 0*54 and 0*4 mm.

Flounder {Pleuronectes fiesus).

The flounder is surprisingly fertile ; it is indeed, when its size is con-

sidered, relatively the most fecund of all sea-fish. The three specimens
examined were obtained by the ' Garland ' in the Forth at the end of

February and in March. The particulars are as follows :

—

Length of

Fish
(in inches).

Weight
of

Fish.

Weight of

Ovaries

(in grains).

Weight of

part taken
(in grains).

Number of

Ova
counted.

Total

Number
of Ova

in Ovaries.

1

2

3

14|
12|
lOi

1 lb. 9i oz.

131 oz.

11-93 oz.

2894
1481
533

40
30
5

22,640
14,415

5,270

1,638,004

711,620
561,782

The ovaries in the fully ripe fish are very bulky, the ventral and dorsal
surfaces are greatly distended, and the posterior end of the ovaries reach
to the root of the tail. In two of the specimens the dorsal ovary was heavier
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than the ventral : in the thh^d it was scarcely so heavy as the ventral.

The combined gross weights were—dorsal ovaries, 2563 grains ; ventral

ovaries, 2415 grains. In specimens 1 and 2 the fish v/ere on the point of

spawning. The mass of the ovaries was composed of opaque eggs of

an almost uniform size (0*66 to 0*54 mm.), mixed with large ripe trans-

parent ova considerably larger. As in the plaice, scarcely any of

sizes intermediate between these were found, so that the expansion of

buoyancy is very rapid. In No. 1 there were in the 40 grains 1240 of

the large transparent ova and 22,640 of the smaller opaque forms; in

No. 2 there were in the 30 grains 1150 of the large clear eggs and 13,265
of the smaller sizes. The third and smaller specimen, although obtained

later (March 26), was not so far develofjed. There were no large clear

ova ; the whole mass was made up of the small, opaque, whitish eggs,

nearly uniform in size.

Harmer* gives the fecundity of specimens examined by himself as

follows:—One weighing 24J ounces, 1,357,400 ova; one weighing 6J
ounces, 351,026 ova; one weighing 3J ounces, 225,568 ova; and one

weighing 2J ounces, 133,407 ova.

Common Sole (Solea vulgaris).

Four specimens were examined, all caught in the North Sea—the

first on 3rd April, the second on 24th April, the third on 26th April,

and the fourth on 3rd June. Specimens examined in March had too

large a proportion of very minute ova to make enumeration worth while.

The details are as follows :

—

Length of

Fish
(in inches).

Weight
of

Fish.

Weight of

Ovaries

(in grains).

Weight of

part taken
(in grains).

Number of

Ova
counted.

Total

Number
of Ova

in Ovaries.

1

t2
3

4

m
18

16

1 lb. 15^ oz.

2 n 5i „

1 „ 10 „

1461
1950
2226

992

12
10
10

3040
3850
2486

Large, 42
Small, 4090

4132

370,120
750,750
553,383

4,166

405,728

409,894

The common sole is therefore, compared with most flat-fishes, rather

fecund. In each case a large proportion of the ova were very minute,

showing that the spawning period is prolonged. The diameter of the

opaque ova varied in my specimen from 0*9 9 to 0*5 mm. Mature hyaline

ova were got in only one of the specimens—that caught in June—but

theywere present in inconsiderable proportion, namely, 1 per cent. They
varied from 1*29 to l"'i-2 mm. in diameter.

Harmerij: found in one, weighing 14|^ ounces, in which the ovaries

weighed 542J grains, 100,362 ova; in another, weighing only 5 ounces,

and possessing ovaries weighing 179|- grains, he estimated 38,772 ova to

be present. Both were caught in June. Buckland§ states that he

calculated 134,500 to be present in a sole caught in April, weighing

16 ounces; the weight of the ovaries is not given.

* Phil. Trans., vol. Ivii. parti, pp. 287, 291.

t In this specimen the dorsal ovary was twice folded upon itself ; it weighed 1422

grains, while the ventral ovary weighed only 657 grains.

X Ojp. cit., pp. 287, 292.

§ (^. cit., pp. 206, 248.
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SALMONIDiE.
Salmon (Sahno salar).

I examined one specimen caught in the Tay on 15tli January. It

measured 36 J inches in length and weighed 17 J lbs. The ovaries weighed

4 lbs. 2 oz., and the number of ova was 12,873.

Smelt or Sparling {Osmerus eperlanus).

Two specimens were examined, both caught in the Firth of Forth,

one at the end of March and the other at the beginning of April. The
details are given in the table

—

Length of

Fish

(in inches).

Weight
of

Fish.

Weight of

Ovaries

(in grains).

Weight of

part taken
(in grains).

Number of

Ova
counted.

Total

Number
of Ova

in Ovaries.

1

2 n
680 grs.

482 „

116
114

8

13
1806
2636

25,509
23,115

In both specimens the ovaries were fully mature; they are very

delicate, owing to the ova, which are pale yellow, being loosely con-

nected. As in the herring, and most fishes having demersal ova, the

ova were practically uniform in size. There were, however, a few,

not more than half a dozen, somewhat smaller. Harmer"^ states that a

smelt of 2 ounces had 38,278 ova, and other five examined from
14,411 to 30,991.

CLUPEIDiE.
The Herring {Clupea harengus).

For reasons previously adverted to the fecundity of a considerable

number of herrings was determined. The first ten in the table were
caught off Dunbar in February and March; Nos. 11, 12, and 13 were
caught in March near Wick; and Nos. 14, 15, and 16 in the Firth of

Forth in January and ^'ebruary.

1

2

3

4

5

6

7

8

9

10
11

12
13

14
15
16

Aver-
ages,

Length of

Fish
(in inches).

Hi
111
114
in
11

12m
12|

lU
H

11

lis
Hi
Hi
11

Hi

11-26

Weight
of Fish

(in grains).

2824
3062
2804
2934
2625
3410
2377
3172
2894
1790
2624
3104
2803
2779
2436
2645

2767-6

Weight of

Ovaries

(in grains).

597
617
577
547
497
875
467
765
728
328
347
510
432
423
414
529

540'8

Weight of

part taken
(in grains).

50

20
60
60
60
60
60
60
60
60
30
30
30
40
20
60

49-4

Number of

Ova
counted.

2533
864

4936
3255
2596
2937
3087
2890
2819
5431
2755
2163
2156
2160
1112
4488

Total
Number
of Ova

in Ovaries.

30,244
26,654
47,466
29,675
21,503
42,831
24,027
36,847
34,204

29,690
31,866
36,771
31,046
22,842
23,018
39,606

31,768

* Op. cit., pp. 285, 292.
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Care was taken, as far as possible, to select herrings which were ripe

and had lost no eggs. It is evident the range of fecundity is very great.

It is usually stated {e.g., by Bay) that the number of ova produced by
the herring varies from about ten to about thirty thousand. It is evident

this number is too small. The largest number in the series examined by
me was . 4-7,466, and the smallest 21,503, the average for the sixteen being

31,762. I should point out that all the specimens in the above series

are ' winter herrings,' i.e., herrings which spawn in winter. Mr John
Murray, the fishery officer at Newhaven, states that his investigations

show that the ' summer herring ' is more fecund.

Sprat (Clupea sprattus).

Several specimens were examined in May, but not with very satisfac-

tory results, owing to the bad preservation and the minute size of largo

numbers of the ova. One caught on May 14 in the Firth of Forth was

4J inches long and weighed 136 grains. The ovaries were pale greyish,

and weighed 6*5 grains. Two grains contained 432 large ova (about

1'12 by 0*76 mm. in diameter), and about 1200 smaller, varying in size

from 0'67 mm. to 0*06 mm. On the above data the ovaries of this fish

contained 1404 large ova and about 4000 smaller.

SYNGNATHIDiE.

PiPE-FisH (Syngnathus acus).

A specimen 11 inches in length, and weighing 114 grains, was caught

in the Solway Firth on the 1st May, and contained mature ova. The
ovaries were slender, and conspicuously coloured reddish-orange. The
abdomen of the fish was not at all tumid. The great mass of the ovaries

was composed of large translucent ova (about 1*9 mm.), and in the inter-

spaces were a number of deep orange ova, much smaller in size (from 0*9

to 0*3 mm.). The weight of the ovaries was 9^ grains, and they con-

tained 79 large ova and 635 smaller (all were counted). It can scarcely

be doubted that the ova are shed, as in most fishes, in successive crops.

Mr W. Anderson Smith informs me that in 1883 he counted the young

of this species, and found they averaged about 100, some going as high as

150. He adds—
* One would have supposed that we should have had certainty of ferti-

' lisation in such a case as the male taking charge of each individual egg,

* but in some cases we found as many as eighteen or twenty unfertilised

;

* while again, in several instances, there was seemingly a recent and subse-

* quent deposit of ova, perfectly fresh, alongside well-advanced young

!

* Has the male more than one female to attend to 1
'

Bloch describes the ovaries, and states they contain from 60 to 66 eggs

of the size of millet grains.

* Oj). cit., Part II., p. 103.
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III.—THE INVERTEBRATE FAUNA OF THE INLAND WATERS
OF SCOTLAND. Part IL By Thomas Scott, F.L.S. (Plates V., VL)

In this, the second report on the Invertebrate Fauna of Scottish Inland

Waters, reference is made to the following lochs :

—

Fife-

shire.

Loch Leven, Kinross-shire.

Raith Lake, near Kirk-

caldy

Camilla Loch,

Loch Gelly,

Loch Strathbeg, Aberdeenshire.

Loch Achnacloich, near Inver-

gordon, Ross-shire.

Loch Ness, \ the Caledonian

Loch Oich, > Canal Lochs,

Loch Lochy, ) Inverness-shire.

Loch Balnagowan, ^ Lismore
Loch Kilcheran, v Island,

Loch Fiart, ) Argyleshire.

Loch Hempriggs, ) near Wick,

Loch Wester, j Caithness.

Loch Harray, )
q^-^

Loch Stenness, j
^'

Only a short visit, however, was made to all, except Loch Leven, and
even the examination of Loch Leven cannot be considered as being in any
way exhaustive ; to arrive at a fairly accurate knowledge of its rich

invertebrate fauna, several visits would require to be made. Tlie results

of our examination of these lochs has nevertheless proved highly interest-

ing-

I propose in the following report to describe my examination of the

lochs named in the order in which they are arranged. In preparing this

report numerous works have been consulted, some of the more important

of which are as follows :

—

1819-20. H. E. Strauss, Mem. sur les Daphnia {Ann. da Mus. d'hist. Nat., vols,

v., vi.).

1828. Fleming, British Animals.

1844. Zaddach, Svnop. Crust. Pruss. Prod.

1850. Baird, Brit." Entom.
1851. Zenker, Pliys. Bern. Kun. liber die Daphnoid {Mull. Achiv. fiir Phys).

1861. Pritohard, Infusoria,

1865. G. 0. Sars, Norges. Ferskvand. Branch. Clad. Cten.

1866. Sclioedler, Die Clad, des Frisc. HafFs {Archiv. fiir Nat, vol. xxxii.).

1867. Norman and Brady, Mon. Brit. Entom. {Nat. Hist. Tram, of Northumh.).
1868. Brady, Mon. recent Brit. Ostrac. {Trans. Lin. Soc, vol. xxvi.).

1871. Stavely, British Insects.

1 875. Claus, Die Schaleiidruse der Daphn. {Zeit. fiir Wiss. Zool. , vol. xxv, ).

1878. Brady, Monograph of the British Copepoda.
1884. Herrick, Crustacea of Minnesota, U.S.A.
1889. Brady and Norman, Mon. Marine and Fresh-Water Ostrac. of the N. Atlantic

and N.W. Europe.

To my ever kind friend. Professor G. S. Brady, I am greatly indebted

for much valuable help. I have also to acknowledge the kind encourage-

ment accorded to me in many ways by Dr T. Wemyss Fulton and Mr W.
Anderson Smith while carrying out the investigation of the inland waters

of Scotland. Professor W. C. M'Intosh has favoured me with the names
of some of the Loch Leven Annelides. J. Rae, M.D., and Mr R.

Kidston, F.R.S.E,, F.G.S., have kindly undertaken the examination of

the Loch Leven Diatomacea^ and have prepared a list of species. I have
also to acknowledge the active and kindly co-operation of Captain R. E.

Simpson, master of the 'Garland,' both in connection with the investiga-

tions here referred to and in our regular marine fishery investigations. My
son, Mr Andrew Scott, has prepared the drawings which accompany this

paper.
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]. Loch Leven, Kinross-shire.

Loch Leven, which belongs to Sir G. Graham-Montgomery, Bart, has

been long famous for the peculiar delicacy in the colour and flavour of its

trout. In the Old Statistical Account of Scotland, they are referred to

as follows :

—" The high flavour and bright red colour of the trout seem
evidently to arise from the food which Nature has provided for them in

the loch What appears to contribute most to the redness and
rich taste of the Loch Leven trout is the vast quantity of a small shell-

fish, red in its colour, which abounds all over the bottom of the loch,

especially among the aquatic weeds; the trout when caught have often

their stomachs full of them." ^

Reference is also made to the Loch Leven trout in the New Statistical

Account, f
Though Loch Leven has thus long been noted for the superiority of its

trout, it is only within the last thirty-five years or so that it has become
such a famous resort for anglers. Previous to 1856 fishing with rod and
line appears to have been so disappointing in its results that few anglers

cared to give the loch a second trial. From some cause that does not

appear to have been satisfactorily explained the fish were observed about

or shortly after the time stated to rise to the bait more freely than in

previous years, and consequently angling became more successful and
encouraging, and the result was that Loch Leven ere long formed a

rendezvous for anglers from all parts of the country. |

The management of the Loch Leven Fishery was for a long time in the

hands of a tacksman, but some years ago it was undertaken by a limited

liability company, called the Loch Leven Angling Association, who pay

a rental of £1000 a year.

As an example of the large number of fish taken during the season it

may be stated that in 1888 over 23,500 trout, weighing 21,000 lbs.

—

being on an average nearly 1 lb, each—were captured. Perch also abound
in the loch, and are frequently fished

;
pike are not uncommon, but as

they are destructive to the other fish, their number is being rapidly

reduced. Charr (Scdmo alpinus, Linne) used also to be frequent, but I

can find no record of any of them being caught in recent years.

The following extract from the Old Statistical Account of Scotland may
be of interest as showing the present greatly increased value of the Loch
Leven Fishery, compared with what it was last century :

' The fish of

Loch Leven only a few years ago sold here at Id. each, great and small,

for the trout, and the perch at a Id. per dozen, and about 25 years ago

at half that price ; the fishing was then let at 200 merks Scotch. The
trout are now raised to 4d. per lb., the perch to 2d. per dozen, and the

pike for 2d. per lb. ; the present rent of the fishing is £80 sterling, and for

next year it is fixed at £100.§ In 1845 the rent had been increased to

£204 per annum and " 2 boats and 4 boatmen were employed during part

of the fishing season."
||

There are now (1891) 22 boats on the loch for

the use of anglers, and the rent, as stated above, is £1000 per annum.
During the first half of the present century extensive operations were

carried out for the partial draining of the loch ; these were completed

about 1845 at a cost of £40,000. By these operations the level of the

loch was lowered 4J feet and its area, which previously extended to 4,638

* Vol. vi. pp. 166, 168 (1793).':

+ Vol. ix. (Kinross), p. 7 (1845).

X "Sportsman's Guide," September 1890, p. 235.

§ Old Stat. Acc. of Scot., vol. vi. (Kinross), pp. 166-168 (1793).

II
New Stat. Acc. of Scot, vol. ix. (Kinross), p. 6 (1845).
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imperial acres was reduced to 3,238 acres. Its present area is now some-

what greater, being about 3,406 acres.

f

As so much interest centres round this famous loch, it was considered

desirable that its invertebrate fauna should be carefully investigated, in

order to ascertain if the marked superiority of the trout was in any way
owing to a difference in the kind of organisms that form their food

supply.

I made an examination of the loch during the month of June last

(1890) by means of dredge and tow-net, worked from a rowing-boat,

kindly placed at my service by Mr Hall, the manager of the Fishery, and

also by hand-net from the shore. Unfortunately, the weather was rather

stormy at the time, and interfered somewhat with the satisfactory carrying

out of the investigations
;
nevertheless, the results of the examination of

the loch were of considerable interest. The fauna was found to be abund-

ant and varied—Mollusca, Arthropoda, Annelida, and Protozoa being

more or less common all over the loch. The present report deals chiefly

with the first two classes named, because they are in several respects the

more important of the invertebrata ; the others, while they also are

referred to here, may be more fully worked out in a future report.

I propose to refer to the various classes of organisms in the order in

which they are arranged above.

Mollusca.

Mollusca were common and generally distributed, except at that part of

the loch called the ' Shallows/ the bottom of which consists of little else

than fine sand, and is therefore not so suitable as a habitat for these

organisms as where the bottom consists of mud or vegetable debris. Four-

teen species of Mollusca were obtained, comprising five of Lamellibranchs,

and nine of Gasteropods. The more common forms were Sphcerium
cornewMy Valvata piscinalis, and Planorhis contortus. The swan mussel
{Anodonta cygncea) appeared also to be frequent,—that is, if the number of

dead shells observed at several places along the shore can be relied on as

evidence of the presence of this shell-fish. I was only able, however, to

obtain living, one adult, and a few young specimens ; the latter were
found burrowing in the sand in the shallow water at the north-east side of

the loch. The following is a list of the species of Mollusca obtained :

—

MOLLUSCA.
1. Lamellibrachiata.

Sphcerium corneum (Linne). Generally distributed, common.
Pisidium fontinale (Draparnaud). Generally distrilDuted, common.

puillum {GrmAin). Generally distributed, frequent.

nitidum (Jenyns), Generally distributed, frequent.
Anodonta cygncea (Linne). Frequent (?), 1 adult and several young living.

2. Gastropoda.

Valvata 'piscinalis (Miiller). Generally distributed, common,
,, cristata, Midler. Generally distributed, but scarce.

Flanorbis albus, Miiller. Generally distributed, rather scarce.

,, nautileus (Linne). West end of the loch, but not common.
,, contortus (Linne). Generally distributed, common.

* I understand the mill-owners have still the power of diminishing the lake by 2^
feet, a total of 7 feet lower than it was in the beginning of the century,

t Fifth Annual Report, Fishery Board for Scotland, p. 367, 1887.
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Limncea jperegra (Miiller). Generally distributed, but not very common.
palustris (Miiller). South from the landing-stage, not common.

,, truncatula (Miiller). North from the landing-stage, not common.
Physa fontinalis (Linne). North-west end of the loch, rather rare.

ARTHROPODA.

Crustacea.

The Crustacea were by far the most numerous and varied of the inverte-

brate fauna of the loch. Cladocera and Copepoda occurred in great pro-

fusion all over and through the water. Daphnise were most abundant.

Cyclops, especially C. strenuuSy were also plentiful ; Ostracoda were not so

common in the loch itself as they were around its margin, particularly

those parts that were more or less overgrown with vegetation, as round

the north-east shore. This part of the shore from near the mouth of the

Powburn to old Leven mouth is very much overgrown with reeds and
other aquatic plants ; in some places the vegetation is so tall and dense

that it is with some difficulty one can force his way through it. I saw
here some fine trout hiding among the roots of the tall reeds as I waded
through among them where they thinned outwards from the shore.

Seventeen species of Ostracoda were obtained along this part of the shore;

twelve species were obtained from the south shore, and only eight from

the loch itself. Among them were Cytheridea lacustris, a rather uncommon
species in the eastern counties of Scotland, and one, with the somewhat
curious name Limnicytliere sandi-patrici, was also moderately common.
Among the Cladocera the rare and interesting Leptodora hyalina occurred

in considerable numbers; Monospilus tenuii'ostris—the 'rarest of all the

Entomostraca '—was also frequent in the material collected at one or two

places. The following are the Crustacea obtained :

—

Amphipoda.

Gammarus pulex (Linne). Common all over the loch.

Copepoda.

Diaptornus gracilis (G. 0. Sars). Common throughout the loch.

Cyclops crassicornis (Miiller). Frequent round the margin.

,, strenuus (Fischer). Frequent, especially round the margin.

,, serrulatus (Fischer). Also frequent with the last.

Canthocamptus minut,us (Miiller). Common, especially round the margin.

Atheyella spinosa (Brady). Frequent in the same localities as the last.

Ostracoda.

Cypria serena (Koch). Common, generally distributed.

,, ophthalmica (Jurine). Common with the last.

,, cxsculpta (S. Fischer). West end, not very common.
Erpetocypris tumefacta (Brady and Robertson). North and south shores, not

common.

,, reptans (Baird). Generally distributed, frequent.

,, strigata (0. F. Miiller). Deep water, rare.

Cypridopsis vidua (Miiller). North and south shores, frequent.

villosa (Jurine). Not very common, west end.

Fotamocypris fulva, Brady. North and south shores, frequent.
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Candma Candida (Miiller). Generally distributed, frequent.

ladea, Baird. Generally distributed, frequent.

kuupleii, Brady and Robertson. North shore, not common.
pidicsccns (Koch). Frequent and generally distributed.

Ilyocypris gibha (Miiller). North side frecjuent ; south side rare.

Cytheridca lacustris (G. 0. Sars). Frequent all over the bottom of the loch.

Limnicythax sancti-patHci, Brady and Robertson. Generally distributed,

common.
iriopinata, Baird. Generally distributed, not common.

Cladocera.

Daphnella hrachyura (Lievin). Generally distributed, not common.
Daphnia pulcx (JsixiWev). Generally distributed, frequent. *

,, longispina, Miiller. Generally distributed, abundant.

Bosmina longirostris, Miiller. In surface tow-nettings, rare.

Ilyocryptus sordidus (Lievin). South shore, frequent.

Euryccrcus lamellatus (Miiller). Generally distributed, not common.
Acroperus harpa, Baird. North and south shores, frequent.

Alooiopsis ehngata, G. 0. Sars. South shore, not common.
Alona qiLadmngularis, Miiller. Common, north and south shores.

Alonella exigua, Lilljeborg. Frequent, north and south shores.

nana, Baird. South shore, scarce.

Pleuroxus trigonellus, Miiller. Connnon in the loch.

uncinatus, Baird. In the middle of the loch, scarce.

Chydorus sphcericics, Miiller. Generally distributed, common.
Monospilus tenuirodris, Fischer. South shore, scarce.

Folyphemiis pedicuhis (Linne). Middle of the loch, scarce.

Bythotrcphcs longimanus, Leydig. In the middle of the loch, frequent.

Lcptodora hyalina, Lilljeborg. In the middle of the loch, frequent.

INSECTA.

The larvae of insectvS were abundant in the loch, especially the larvae of

the Iphemeridse. The Libellulidse and Phryganidas were also represented

in the larval stage more or less frequently. Some idea may be formed of

the myriads of these organisms present in the loch when it is stated that a

conspicuous ridge composed of cast-off skins of insect larvse which had
been washed ashore during the preceding stormy weather extended along

the margin of the loch for a considerable distance. The curious so-called

* water-bears ' (Tardigrada), now included in the class Arachnida, were
common among the decaying vegetable matter at the bottom. Species of

Notonectidse or ' water-bugs,' and of aquatic Coleoptera were also more
or less common, though their distribution seemed to be more localised.

VERMES.

This division of invertebrates was represented by several species—para-

sitic and non-parasitic. Among the former were Scliistocephalus solidus,

Crepl., obtained by my son from the body-cavity of a Stickleback {Gas-

terosteus aculeatus), and a species of tape-worm (Bothriocephalus latus ?)

several of which were found in the alimentary canal of the trout, six speci-

mens being taken from one fish. The heads of the parasites were fixed at

the extreme end of the cceca or blind tubes of the stomach, and their bodies

were so elongated as to extend well down into the intestine. Usually
one parasite occupied a caecum. Tuhifex rivulorum was very common in

the loch. The following species of Annelida? were also obtained :

—

Clepsine 6—oculata.

Clepsine sp., a very small form.

Nephelis octoculata (JN. reticulata, Malm. ).

S
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PEOTOZOA.

Ehizopoda were common all over the loch. Several forms were obtained

in the dredged and hand-netted material ; the following are the more
typical varieties observed :

—

Difflugia pyriformis. This form varies from pear to balloon shape, but

the pear shape is usually the more common.

Difflugia glohularis.—The test is more or less globular, J to \ being

truncate and forming the aperture ; this form was much less frequent than

the last.

Difflugia corona.—Test crown shaped, furnished posteriorly with few
or more cornua. This appeared to be a scarce form.

Difflugia marsupifomiis.—Test from the side view varies a good deal,

but the most common form was that of a slightly eccentric and depressed

hemisphere. The aperture is not central, but is situated more to one side, so

that its outer margin is usually close to the edge of the test, while the inner

margin is some distance from the opposite edge. This form of Difflugia

was of frequent occurrence.

DIATOMACEA.

Diatomacea were abundant, especially in the deeper parts of the loch, and
included a considerable number of species. J. Rae, M.D., and Mr
Robert Kidston, F.R.S.E., F.G.S., have kindly furnished me with the

following list of species :

—

Amphora ovalis, Kiitz.

Asterionella formosa, Hassal.

Cymhella cymhiformis, Ehr.

,, anglica, Lagenstedt.

cistula, Hempr.
Cyclotella operculata, var. mesoleia, Grun.
Ceratoneis arcus, Kiitz.

Campylodiscus costatus, W. Sm.
Cocconeis scutellum, Ehr.

pediculiis, Ehr.

Cymatopleura solea (Breb.), W. Sm.
Diatoma vulgare, Borq.

temte, Kiitz,

Epithemia turgida (Ehr, ), Kiitz.

sorex, Kiitz.

Encyonema ccespitosum, Kiitz.

Fragilaria virescens, var. (1) exigua,Gr\in,

,, construens, var. binodis, Grun.
mutabilis, (W. Sm.), Grun.

Gomphonema {acuminata var.), Brebis-

sonii, Kiitz.

Gomphonema intricatum, Kiitz.

,, olivaceum, Ehr.

Meridian circulare, Ag.

Melosira orichalcea, W. Sm.
varians, Ag.

Navicula Smithii, Breb.

radiosa, Kiitz.

var. acuta, Kiitz.

p'as^r'im (Ehr. ), Donkin.

,, viridula, Kiitz.

mesolepta, Ehr.

,, liviosa, Kiitz.

,, gibba, Ehr.

,, pusilia, Sm.
Reinhardti, Grun.
sp.

Nitzschia sigmoidea (Ehr.), W. Sm.
,, thermalis (Kiitz), Grun.

PleuTosigma acuminatum (Kiitz), Grun.

,, Spenserii, W. Sm.
Stauroneis anceps, Ehr.
Surirella linearis, W, Sm.

,, biseriata, Breb.

,, ovalis, Breb.

Tabellaria fiocculosa, (Roth,), Kiitz.

Tryblionella angustata, W. Sm.

„ ,, var. curta, Grun.

2. Raith Lake, Camilla Loch, and Lochgelly Loch in the
County of Fife.

These lochs were visited during the month of August, and were exam
ined by band-net from the shore.
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Kaith Lake.

Eaith Lake, in the parish of Abbotshall, is situated within the pleasure

grounds of the Raith estate, the property of Munro-Ferguson, Esq. M.P.

and is therefore private. Permission to examine the loch was readily-

granted to me by Mr Prentiss, factor on the estate, who also kindly

offered to give me the use of a boat, but unfortunately I was unable to

take advantage of it for want of time. The site of the loch was
originally an extensive hollow, as if scooped out in some measure for the

purpose by the hand of Nature, and by filling the hollow up at some
places, and deepening and extending it at others, the formation of the lake

was in a short time completed. The extent of ground covered by it is not

less than 21 acres, and the water is in some places 25 feet deep.* Trout,

Perch, Pike, and Eels are common in the loch. It is beautifully situated,

and is to some extent surrounded by trees and shrubbery ; in some places

it is partly overgrown with vegetation, and the Bull-rush [Typha LatifoUa)^

a rare plant, grows luxuriantly at its lower end. At the time of my visit

the water was teeming with Entomostraca, some of the more common
species being Sida crystallina, Daphnella brachyiira, Scapholeberis

rornuta, Pleuroxus uncinatus. A great variety of Cladocera were obtained

here. Copepoda were also common, and included Cyclops affinis and what
appears to be an undescribed species. Ostracoda were scarcely so numerous
as might have been expected. MoUusca were moderately common, but

the species obtained belonged to those that are of more or less general

occurrence throughout Scotland. The curious Diatom, Gomphonema
ca'pitatum, Ehr., was obtained here.

Camilla Loch.

Camilla Loch, in the parish of Auchtertool, derives its name from the

old house of Camilla, anciently called Hallyards, but which was changed
to Camilla from its being the residence of one of the Countesses of Moray
whose name was Campbell. The loch is situated a little to the north of

the village of Auchtertool. The extent of its surface is about 18 acres,

and its greatest depth is said to be 22 feet, the deepest part being towards

the east end. The west end is much overgrown with vegetation. It con-

tains perch, pike, and eels. The small stream that runs from the loch

is the principal feeder of Raith Lake.

The invertebrate fauna of the loch appeared to be fairly abundant, but

there was time for only a partial examination being made. Among the

organisms collected, Entomostraca were largely represented. In some of

the small sheltered bays, where the Avater was shallow, the common Cyijria

serena were observed swimming about in myriads. The Horse Leech,

{HcBmopsis vorax, Mog.), was common in the soft mud at the west end,

where the water was shallow. Among the Cladocera observed were Alona
guttata and the somewhat rare Alona tenuicauda. The beautiful Volvox

globator was also observed in this loch.

LOCHGBLLY LoCH.

This loch, also in the parish of Auchtertool and a short distance north-

west of Camilla Loch, is about three miles in circumference, and is much
overgrown with vegetation along the south side. Part of this side only

* Old Stat, Account of Scot., vol. vi., 1793.
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was examined. lavertebrate organisms were abundant, the larger part

consisting, as in the case of the other lochs described, of Entomostraca.

These included several rare forms not observed elsewhere, such as Leydigia

quadrangulmns and Peracantha truncata among the Cladocera, and

Cypris ohliqua, Cypris puhera^ and a Candona that appears to be unde-

scribed, among the Ostracoda. The following are the lists of species

observed in the three loclis :

—

MOLLUSCA.

Sphcerium lacustre, Miiller. Raith Lake, not common.
Pisidmm pasillum, Gmelin. Eaith Lake, Camilla Locb, Lochgelly Loch.

fontinale, Drap. Raith Lake and Lochgelly Loch.
nitidum, Jenyns. Raith Lake.

Valvata piscinalis, Miiller. Raith Lake and Lochgelly Loch.

Planorhis albus, Miiller. Raith Lake and Lochf^elly Loch.

„ nautileus, Linne. Raith Lake, Camilla Loch, Lochgelly Loch.

,, contortus, Linne. Raith Lake, Camilla Loch, Lochgelly Loch.

Physa fontincdis, Linne. Raith Lake, not common.
Limncea peregra, Miiller. Raith Lake and Lochgelly Loch.

truiicatula, Miiller. Raith Lake and Lochgelly Loch.

CRUSTACEA.

Amphipoda.

Gammarus pulex (Linne). Common in the three lochs.

COPEPODA.

Diaptomus gracilis, G. 0. Sars. Raith Lake frequent, Lochgelly Loch.
Cyclops tenuicornis, Claus. Raith Lake, not very common

;
Lochgelly Loch.

plialeratus, Koch. Raith Lake (with ova), Lochgelly Loch.

affinis, Sars. Raith Lake (with ova).

,, serrulatus, Fischer. Common in the three lochs.

thomasi, Forbes. Lochgelly and Camilla Lochs.

,, viridis, Jurine. Frequent in Raith Lake and Lochgelly Loch.

,, crassicornis, Miiller. Frequent in Raith Lake and Lochgelly Loch.
Canthocamptus mimitus. More or less frequent in the three lochs.

Atheyella spinosa, Brady. Lochgelly Loch.

Ostracoda.

Cypria exsculpta, S. Fischer. Lochgelly Loch, frequent.

,, ophthalmica (Jurine). Common in the three lochs.

Serena (Koch). Common in the three lochs, and especially Camilla.

Icevis (0. F. Miiller). Lochgelly Loch, frequent.

Cypris puhera, 0. F. Miiller. Lochgelly Loch, not common.
,, ohliqua, Brady. Lochgelly Loch, frequent.

Erpetocypris reptans (Baird). Frequent in the three lochs.

Cypridopsis vidua (Miiller). Common in the three lochs.

,, villosa (Jurine). Frequent in Lochgelly and Raith Lakes.
Potamocyprvi fulva, Brady. Frequent in the three lochs.

Notodromaa monacha (0. F. Miiller). Frequent in Lochgelly and Camilla Lochs.
Raith Lake, rare.

Candona ca^idida (0. F. Miiller). Common in the three lochs.

lactea, Baird. Frequent in Lochgelly and Camilla Lochs.

,, pubescens (Koch). Frequent in Lochgelly and Camilla Lochs.

J, rostrata, Brady and Norman. Raith Lake, not very common.
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Candona kingsleii, Brady ami Robertson. Frequent in Lochgelly and Camilla
Lochs.

fabafonnis (Fischer). Lochgelly and Raith Lake.

,, hyalina, Brady and Robertson. Lochgelly Loch, rare.

ambiyua, n.s. Lochgelly Loch, not common.
Ilyocypris gibba (Rnindohr). Lochgelly and Raith Lake.
Limnicythere inopinata, Baird. Occurred in the three lochs.

Candona amhigua, provisional name (PI. IV. figs. la-c). Shell.—Lateral

view somewhat similar to C. 2ml)escens, but the straight part of the dorsal

margin is more central, and the slope from each end of it towards the ex-

tremities of the shell more equal than in that species. The flexure of the

ventral margin is also more distinct. Height rather more than half the

length. The outline as seen from above is very compressed, much more
so than in (7. pnhescens. It is acuminate in front and narrowly rounded
behind. Width a third of the length. LeJigtk, -^^^ in. = "83 mm.

;
height

-g'g- in. Antennulcs.—The lengtli of the first, second, and fourth joints

counting from the extremity is nearly equal, the third is about two-thirds the

length of the second, the fifth is about equal to the third joint. Antermce.

—The ultimate scarcely half the length of the penultimate joint, which is

about two-thirds the length of the preceding. I could not clearly make
out the other joints of the antennules and antennae in my dissections.

Tiie figures show approximately the proportional lengths of the joints.

Cladocera.

Sida crystallina (Mtiller). Raith Lake, common.
Daphnella brachyura (Lievin). Raith Lake, common.
Ceriodaphnia reticidata (Jurine). Raith Lake, frequent.

Scapholeberis mucronata (Miiller), Raith Lake, frequent.

Simocephalus vetulus (Miiller). Raith Lake, Lochgelly Loch.
Daphnia p^ilex, Linne. Raith Lake, frequent.

Earycereus lamellatus (Miiller). Raith Lake, Lochgelly Loch, frequent.

Acroperus harpa, Baird. Frequent in the three lochs.

Leydigia quadrangularis (Leydig). Lochgelly Loch, not very common.
Lynceus tenuicaudis (G. 0. Sars). Camilla Loch, not common.

,, quadmngiilaris, Miiller. Frequent in the three lochs.

,, guttatus (G. 0. Sars). Camilla Loch,
Alonella nana (Baird). Roith Lake, scarce.

Peracantha truncata (Miiller). Lochgelly Loch, not common.
PleuToxus trigonelleus (Miiller). Raith Lake, frequent.

,, uncinahcs, Baird. Raith Lake, not very common.
,, lcevis {G. 0. Sars). Camilla Loch, not common.

Chydorus sphcericus (Miiller). Frequent in the three lochs.

Polyphemus pediciilus (Linne). Frequent in Raith Lake.

3. Loch 1N"ess, Loch Oich, and Loch Lochy.

These lochs occupy a considerable portion of the great valley that

stretches across Scotland from the Moray Firth to Loch Linnhe, and they

constitute about two-thirds of the entire length of the Caledonian Canal,

the whole length of which is about 60 miles, while the combined length of

the three lochs is little, if anything, under 40 miles.

For various reasons it was considered desirable that an effort should be

made to examine the invertebrate fauna of these lochs while the * Garland '

was proceeding through the canal on its way to and from the west coast,

but the stormy w^eather encountered by us, both going and returning,

formed a serious hindrance to anything like a satisfactory investigation

being made.
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Loch Ness.

The first of these lochs to be examined was Loch Ness, which occupies

the eastern part of the valley. It is, with the exception of Loch Morar,

the deepest fresh-water loch in Britain. The deepest part of the loch is

in the vicinity of Foyers, and is, according to the chart of the Caledonian

Canal, 129 fathoms, or 774 feet deep. The surface of the loch is 50 feet

above the sea and the bottom is therefore fully 120 fathoms below sea

level, or deeper than the deepest part of the North Sea anywhere within

the British area except in the extreme north. It is 26 miles in length by
about 1 mile in breadth.

From some apparently unknown cause angling for salmon in Loch Ness

is usually not very successfid, not because salmon do not visit the loch,

for great numbers of them are known to pass through it on their way to

the river Oich, and thence to the Garray, that falls into Loch Oich, both

of which are excellent salmon rivers. The uniformly great depth of the

loch may be partly accountable for this want of success, for, with the

exception of about four miles at the east end and about two miles at the west

end, and a very limited portion along each side, no part of the loch is less

than 100 fathoms in depth.

The dredge was first let down a little east of Castle Urquhart, where

the depth is given on the chart as 128 fathoms. A lining of fine gauze

was fixed to the inside of the net for the purpose of preventing the

smaller objects collected at the bottom from being washed out while the

dredge was being hauled up. The dredge reached the bottom easily, no

obstacle of any kind, such as under-currents, being encountered, and was
hauled up choke-full of fine mud ; mixed up with the mud were numerous
fragments of firm peaty matter containing pieces of partially decayed

wood. The contents of the dredge were emptied into a tub, and a careful

examination made of it. First, a quantity of the fine mud was put into

a bottle with water and allowed to stand till the mud subsided ; a distinct

stratum of flocculent matter was then observed on the surface of the mud,
this was shown by the microscope to consist wholly of the exuviae of

Entomostraca, chiefly of Cladocera. Second, a large quantity of the mud
was carefully washed through a fine muslin sieve, but though fragments

of Entomostraca were obtained in considerable abundance no trace of any
living organism could be detected. Third, some of the mud was dried

and then redissolved in water, and the floating matter carefully collected

and examined, but still no trace of any living thing—that i?, no organism

that had been alive when the mud was brought up—could be observed.

The deep part (129 fathoms) in the vicinity of Foyers was also dredged

with the same results.

It v/ould seem as if the' fragments of firm peaty matter referred to

were part of an older and more compressed portion, and the fine mud the

newer and continually increasing layer, of a deposit of peat that is

being formed at the bottom of the loch. If this supposition be correct, it

explains to some extent why living organisms, especially Entomostraca,

were so conspicuous by their absence in the dredged material from the

vicinity of Castle Urquhart and from the other parts of the loch exa-

mined. It has been proved that peaty mud is not a favourable habitat

for non-pelagic Entomostraca, more especially Ostracoda.

Some Diatomacea were observed among the peaty ooze, but they

appeared to consist only of dead tests.

Besides using the dredge, a tow-net was worked near the surface and

another at a depth of about 60 to 70 fathoms, and both nets captured a

considerable number of Entomostraca, including i^osmma, Cyclops, Daphnia,



of the Fishery Board for Scotland. 279

Diaptomus, Holopedium gibherum, Polyphemus^ and Polytrephes. Both
tow-nottings were similar as regards variety of species, but in that from

the deep water Bosmina and Diajptomus were more plentiful than in

the surface gatherings.

Loch Oich.

This loch is about four miles long by about half a mile broad. Its depth

varies considerably, but the deepest part is towards the east end, where 23
fathoms occurs. The loch is studded with islets and shoals, so that

though the track for vessels is carefully indicated by buoys and beacons,

it is rithcr intricate, and requires more than usual care and watch-

fulness on the part of those navigating it. The storm we experienced

was so violent when passing through this loch that it would have been

at considerable risk, if not actual danger, to have slowed the steamer for

the purpose of dredging ; the best we could do under the circumstances

was to use our tow-nets as frequently as possible. The tow-nettings

obtained, both as regards number and variety of species, were similar to

those from Loch Ness. The level of Loch Oich is 50 feet higher than

Loch Ness or 100 feet above sea-level, and the Eiver Oich flows out of

it into Loch Ness.

Loch Lochy.

Loch Lochy—the westmost of the three lochs under consideration—is

much larger than Loch Oich, being about ten miles long by about one mile

in breadth. It is of considerable depth, reaching to 76 fathoms at one
place. We dredged in the deepest part and also in about 40 fathoms.

The material brought up in the first dredge from the deep part resembled

that dredged in Loch Ness, and was also similarly devoid of living

organisms. The second dredge was a failure—the net being empty when
hauled up. The tow-nettings from this loch were similar to those from
the other two.

On our return journey a further effort was made to examine the lochs,

but no additional information was obtained.

Though we were unable to find any trace of animal life at the bottom
of Loch Ness and Loch Lochy, our experiments were too few to make it

safe to found any theory upon them
;

besides, they were not carried out

under very favourable conditions. It is not improbable that living

organisms may exist at the bottom of these lochs, bat by being more or

less localised in their distribution be easily missed
;

still, if it be the case

that the peaty deposit which is being formed in the deeper parts of Loch
Ness and Loch Lochy is the same all over the bottom, there is little

likelihood of animal life being very abundant, if present at all.

The following are the lists of species obtained in the tow-nettings from
the three lochs :

—

CRUSTACEA.

COPEPODA.

Diaptomus gracilis, G. 0. Sars. In the three lochs, more or less commoD.
Cyclops stremms, Fischer. In the three lochs.

,, thomasi, ? Forbes. Loch Oich, not common.
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Cladocera.

Holopedium gibberum, Zaddach. Frequent in the three lochs.

DapJmia jardini, Baird. Loch Ness, frequent also in Loch Oich.

lo7igispina, ? Miiller. Loch Ness.

Bosmina longirostris (Miiller). Loch Ness, not very common.
Polyphemus pediculus (Linne). Frequent in the three lochs.

Bythotrephes longmanus, Leydig. Loch Ness and Loch Oich, common,

Diatoraacea were also frequent in the lochs, especially in Loch Lochy

—

Asterionella, with the frustules arranged in their characteristic star like

clusters, being common, especially in Loch Lochy.

4. LiSMORE Island Lochs, Argyllshire.

There are three small lochs on Lismore Island, viz.. Loch Bail nan
Gol)hann (or, as it is called in the Sportsman's Guide, Loch Balnagowan),

Loch Kilcheran, and Loch Fiart. Tlie first two were examined about the

middle of July, the other later on.

Loch Balnagowan.

This loch, which is of small size, is moderately deep towards the south

end, but the north end is shallow and much overgrown with vegetation,

comprising water-lilies. Polygonum, Scirpus, grasses, &c. At the time

of our visit the water was of a whitish colour and obscure, as if fine, light-

coloured mud were held in suspension. On examining a portion of the

water witti the microscope, a pale-coloured or bleached-like conferva (?) in

the form of small jointed rods, about 1 mm. loni,', was seen to he present

in enormous numbers, and was no doubt the chief, if not the only, cause

of thi^ peculiar coloration and obscurity of the water.

Tlie loch is leased by the Lorne Angling Association, who keep a boat

on it. and we had the use of this boat for the examination of tifie loch.

I am informed that many of the trout in this loch, -which are said to be

of fine quality, are more or less deformed by having the back-bone

abnormally bent, usually in a lateral direction. The bottom of the loch

consisted of a greyish marl, largely composed of dead molluscan shells.

The entomostracan fauna was abundant. The curious and somewhat rare

Infusorian, Ceratium. longicorne, Perty, and also Peridiiiium tabulatum,

Ehr., were ommon, as were also the Rotifera, Anurcjea cochlearis, Gosse,

and Anurcea aculeafa, Ehr. Ceratium lonciicorne was discovered by
Schrank and Perty in the Bernese Alps in 1848 ; in Calcutta by Major,

now Colonel, Stewart-Wortley in 1859, and in 1879 in Olton Reservoir,

near Birmingham, by Levick. I am unable to find any Scotch record

for it.* Ostracoda were fairly common, and included the rather rare and
pretty Cypris ohliqua, Brady. Among the (yladocera observed was

Chydorus glohosus, a rare species.

Loch Kilcheran.

Loch Kilcheran, to the south of Loch Balnagowan, and nearly inter-

mediate between it and Loch Fiart, is also comparatively small, being

only about a mile in circumference. Its margin nearly all round, but

especially at the north and south, ends, is overgrown with tall reeds and

* Mr J. Hood, Dundee, informs me that he has observed this Ceratium in Black
Loch, near Blairgowrie, but has not recorded it.
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otlior aquatic plants, so that it is difficult to get near the loch in some
places. The water of this loch at the time of my visit was clear and
pellucid, and thus formed a marked contrast to Loch Balnagowan. Loch
Kilcheran was examined only by hand-net from the shore, and some
rather rare Ostracoda were obtained, incduding Erpetocypris rohertsoni,

Norman and Brady, DarivineUa stevensoni, Brady and Robertson, and
Scottia browniana (Jones).

Loch Fiart.

Loch Fiart, which is situated near the south end of the island, is about

tbe same size as the last, and like it has a reedy margin, and can only be

fished properly from a boat. The trout in this loch are said to resemble

those of Loch Leven, and to attain a similar size. The water of Loch
Fiart, like that of Loch Balnagowan, is of a whitish colour, but only during

summer. In this case the whitish coloui' appears to be caused by fine

calcareous mud being held in suspension by the water. In M^inter the

water is said to be colourless and transparent. This alternate obscurity

and transparency of the water is rather remarkable, but it may be partly

or wholly accounted for in this way. The basin of the loch being formed

in rock consisting more or less of limestone, a more than usual quantity

of calcareous matter in the form of an acid carbonate will be held in

solution by the water. During spring-time and summer, when plant life is

vigorous, the plants will decompose the carbonic acid, and part of the lime

may remain as a fine precipitate suspended in the water. During winter

the decaying vegetation may give off carbonic acid, free or combined,

in sufficient quantity to redissolve the suspended lime, thus causing the

water again to become clear."* Whether this be the true explanation of

the phenomona observed or not, the effects described are interesting

enough to deserve careful study.

The following are the lists of organisms obtained and identified in the

three lochs referred to :

—

MOLLUSCA.
Pisidium j^usilhwi, Gnielin. lu each loch.

Valvata piscinalis, Miiller. Loch Balnagowan.
Planorhis albus, Miiller. Loch Bahiagowan.

contortus, Liniie. Loch Balnagowan.
Limncea peregra, Miiller. In each loch.

* The water of inland lochs usually contains a certain amount of carhonic acid

(HaCO;^) derived from vaiious sources. When the loch is formed in rocks consisting

more or less of limestone (CaCOg), the carbonic acid acts on the limestone, forming
an acid carbonate of lime, which is soluble and at the same time unstable ; so long-

as the water contains excess of carbonic acid it will remain clear and pellucid. The
soluble acid carbonate of lime being unstable, very little change in the temperature
or otherwise is sufficient to decompose it. For instance, should aquatic vegetation be
abundant in the loch, this vegetation, when in vigorous growth during spring and
summer, will in the course of its development decompose, in the presence of sun-
light, a considerable amount of the carbonic acid which is required to keep the
carbonate of lime in solution. (During the summer months, there being very little

darkness, this action will be more or less continuous and of course the warmer the
weather is the greater the reaction m- ill be. ) On the decomposition taking place, the
carbonate of lime is precipitated in the form of a fine white powder, which may
remain suspended in the water, imparting to it a milky appearance. The following
chemical equations represent the reactions which probably take })lace

—

H.COg + OaCOa CaH2( 003)2 CaH2(C03)2= CaCOg + HgO + C + Og
On the other hand, during autumn and winter the vegetation in the course of its

decomposition gives off a certain amount of carbon dioxide, either free or combined,
which may form with the water sufficient carbonic acid (H2CO3) to redissolve the
precipitated carbonate of lime, so that the water will again become transparent.

—

Andrew Scott.
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CRUSTACEA.

Amphipoda.

Gammarus pulex (Liime). Frequent in and about the three lochs.

COPEPODA.

Din2Jtomus gracilis. Loch Baliiagowan.

Cyclops tenuicornis. Loch Kilcheraii.

,. serrulcdus. Frequent in the three lochs.

crassicornis. Loclis Balnagowan and Kik^heran.

Cantliocamptus minutus. Frequent in tlie three lochs.

OSTRACODA.

Cypria ophihahnica (Jurine). Frequent in the three loclis.

screna (Kocli). Frequent with the last.

Cyclocy2)ris glohosa (G. 0. Sars). Balnagowan and Kilciieran Lochs.

Scottia hroicniana (Jones). Loch Kilcheran, not common.
Cypris obliqua, Brady. Loch Balnagowan, frequent.

J, incongruens (0. F. Miiller). Loch Balnagowan, rare.

Erpetocypi'is reptans (Baird). In the three lochs.

olivacea, Brady and Norman. Lochs Balnagowan and Kilcheran.

robcrtsoni, Brady and Noiman. Kilcheran Loch, scarce.

,, tumefacta (Brady and Robertson). Lochs Balnagowan and Kilcheran.

Cypridopsis vidua (Miiller). In the three lochs.

villosa (Jurine). Lochs Balnagowan and Kilcheran.

Potamocypris fulva, Brady. In the three lochs, frequent.

Notodromus monacha (Miiller). Loch Balnagowan, frequent.

Candona Candida (Miiller). Frequent in the three lochs.

„ lactea, Baird. Lochs Balnagowan and Kilchei-an.

,, puhescens (Kodh). In the three lochs, not uncommon.
kingsleii {V>vsi(\y and Robertson). Distribution as the last.

Ilyocypris gibba (Ramdohr). Loclis Balnagowan and Kilcheran,

Darivinella Steve iisoni, Brady an l Ro'^ertson. Loch Kilcheran, rare.

Limnicythere inopinata {B'divd). In the three lochs, frequent.

Cladocera.

Simocephalus mtulus (Miiller). Loch Kilcheran.

Ceriodo.phnia punctata (P. E. Miiller). Loch Balnagowan, not common,
Bosmina longirostris (Miiller). Loch Balna-ovvan.

,,
longispina, Leydig. With the last.

Lynceus quadrangidaris (Miiller). Lochs Baliiagowan and Kilcheran.

Chydorus globosus, Baird. Loch Balnagowan, not common.

,,
sphcericus {MiiWer). In the three lochs.

As already stated, Infiiscria and also Diatomacea were present in

Loch Balnagowan in considerable abundance. The more conspicuous

of the Infusoria have already been referred to ; the more common of the

Diatomacea wkitg Asterionellaformosa, with its star-like arrangement of tiie

frustules, Pediastruni selencea, various species of Navicula, &c. Desmids

were also of frequent occurrence.

5. Loch Strathbeg.

This loch, which is situated one and a half miles west from Rattray

Head, Aberdeenshire, is about two miles in length by about three-quarters

of a mile broad. It is separated from the sea by a ridge of bent-covered

sandhills, nearly a mile in width. In the Old Stat stical Account of

Scotland (1793), it is said "there is a tradition that in the beginning of
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last century Dutch busses frequented the loch of .Strathbeg." At present

the se;i is said to flow into it only during high-water of spring tides

through a sort of canal-like outlet, and the water is thus rendered some-

what brackish. The loch is moderately deep in some parts, but at the

time of our visit it was so shallow in some places at the north-east end
that it was necessary to propel the boat we were using by punting it.

It is also stated in the Old Statistical Account that an effort was once

made to drain the loch, but from some cause the attempt failed. It

contains perch and sea-trout but is little fished. The loch was partially

examined early in September last year (1890), while the 'Garland' was
windbonnd in Fraserburgh Harbour. Entt)mostraca were very abundant
—Ceriodaphnia reticulata and Cyjpridopds aciUeata being very common
species. The bottom of the part examined consisted very much of

blackish mud, having its surface covered in some places by a rust-coloured

deposit. Considerable portions of the bottom were overgrown by a

luxuriant crop of C/iara. I have no doubt that a careful examination of

the invertebrate fauna of this loch would yield interesting results. The
following are the organisms obtained during our visit in September :

—

MOI.LUSCA.

Pisidium pusillum (Gmelin). Frequent.
Planorhis sjdroi^bis (Miiller). Bather rare.

Limncea peregra (Miiller). Common,
truncatula {WaWQv). Rather rare.

CRUSTACEA.

COPEPODA.

Cyclops sirenuus, Fischer. Frequent.
tenuicornis, Claus. Not common.
viridis, Jurine. Frequent.
serridatus, Fischer, Frequent, especially round the margin.
crassicornis, 0. F. Miiller. Frequent roimd the margin.

Canthocamptus, sp. Rather rare round the margin.

OSTRACODA.

Cypria serena (Koch). Common.
,, IcBvis (0. F. Miiller).

ophthalmica (Jurine). Frequent.
Erpetocypris rejJtans (Baird). Frequent.
Cypridopsis vidua (Miiller). Frequent.

j, m'Z/osa (Jurine). Frequent.
aculeata (Lilljeborg). Very common.

Candona Candida (Miiller). Frequent.
Ilyocypris gibba (Ramdohr). Not common.
Liimiicythere inopinata (Baird). Frequent.

Cladoceea.

Ceriodaphnia reticulata (Jurine). Very common.
Simocephalus vetulus (Miiller). Frequent.
Daphnia pulex (Linne).

,, longisinna, Miiller. Frequent.
Eurycercus lamellatus (Miiller). Not very common.
Pleuroxus trigonellus (Miiller). Not very common.

6. Loch Achnacloich.

Loch Achnacloich, four or five miles north of Invergordon, Ross-shire,

is of small size, and easy of access. It was visited one day towards the
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end of May last year, when the ' Garland ' was at Invergordon wind-bound.

Owing to the very limited time at my disposal the examination of the

loch was necessarily incom}3lete; nevertheless, the results w^ere fairly

satisfactory. Some of the Entomostraca have nut previously been recorded

from so far north. Dr Sutherland of Invergordon informs me that there

are a good many trout in the loch. The loch was examined by hand-net

from the shore. The following species v/ere obtained and identified :

—

MOLLUSCA.

Pisidium nitidum, Jenyns. Not very conmion.
pusilhnn (Gmelin). Frequent.

,, fontinale {jyvSiY.). Not ver}' common.
Valvata cristata, Miiller. Frequent.

Planorhis contortus (Linne). Common.
sjyirorbis, Miiller. Rather rare.

nitidus, Ikliiller. Katlier rare.

Limncea truncatula (Miiller). Rather rare.

Vertigo antivertigo ( Drap. ). Rather rare.

CRUSTACEA.

COPEPODA.

Cyclops sarrulatus, Fischer. Fi'equent.

,, crassicornis, 0. F. Miiller. Frequent.

thomasi, Forbes. Rather rare,

Canthocamptus minutus (O. F. Miiller).

s[>. A small form, with ova.

OSTRACODA.

Cypria serena (Koch). Frequent.
opJithalmica {Jmine). Frequent.

,, exscnijjta (S. Fischer). Common.
Cypris reticulata, Zaddach. Frequent.

Erpetocyp)ris rcjJtans (Baird). Rather rare.

tiLinefacta (Brady and Robertson). Common.
strigata (0. F. Miiller). Eather rare.

Cypridopsis vil/osa (J urine). Frequent.

Pofamocyp>7'is ficlva, Brady. Fre(pient.

Candona Candida (Miiller). Frequent.
rostrata, Brailyand Norman. Common.
H?/p's/m, Brady and Robertson. Rather rare.

hyalina, Brady and Robertson. Rare.

fahoiformis (Fischer). Frequent.

Cladocera.

Dfiphnia jndex (Linne), Not common.
Chydorus sphcericiLS (Miiller), Frequent,

7. Lochs in the Vicinity of Wick, Caithness-shire—
Loch Hempriggs.

This loch is three miles or so south of Wick, and within a short distance

of the highway to Lybster ; it is somewhat circular in outline and covers

a considerable area, and the surrounding country is flat and bare.

Towards the south the loch is bordered by black peaty and heath-covered
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moorland, but round the north and east are cultivated fields. The
principal inlet, which is at the south-west end, is a sluggish stream, two
or three yards wide, with soft boggy ground, thickly covered with grass

and reeds on each side. The outlet is by Hempriggs burn, whicli, flowing

east and north, joins Wick River near the town of Wick. This loch was
examined about the middle of September, and by hand-net from the shore.

Loch Wester.

Loch Wester is about five miles north of Wick and a short distance off

the road from Wick to Kiess. It is about one and a half mile in circum-

ference, and is so little above the sea that during high spring tides the sea is

said to flow into it. The River Wester flows through it, and falls into the

sea at Sinclair Bay, sc ircely a mile from the loch. It contains both sea

and loch trout. At the time of my visit, in September last year, the

water of the loch appeared to be perfectly fresh, its density being 1000'4,

and its temperature 13*6 C. The density of the water for domestic use
in Wick, tested at the same time and with the same hydrometer, was
1000-6, and the temperature of the water when tested ITl C."^ It was
therefore interesting to find in the fresh water of the loch that Mysis
vidgaris was quite common. This species is sometimes common in the

Forth above Queensferry. I have also taken it in Granton Harbour,
along the shore at Portobello, where it was plentiful, and in an old brick-

field near Dunbar to whicli the tide has free access, and at other places.

It would thus appear that Mysis vulgaris is capable of surviving under
very varied conditions. The loch was examined by hand-net from the
shore, but with the exception of the Mysis referred to, comparatively few
organisms were obtained.

The shores of W^ick River, in the vicinity of the town of Wick, were
also examined about the same time as the two lochs here described. The
invertebrata obtained are recorded in the following lists, Cypris prasina,
Fischer, was a very common species in the Wick River.

MOLLUSCA.

Sphcerium corneum (Linne). Frequent.
Pisidium fontinale (Drap.). Loch Hempriggs.
Valvata piscinalis (Miiller). Loch Wester and Loch Hempriggs, rather rare.
Planorhis alius (Miiller). Loch Wester, common.

, , contortus (Linue). Loch Hempriggs, common.
,, vortex (Linne). Eather rare.

Limncea peregra (Miiller). Common in both lochs.

,, truncatula (Miiller). Loch Wester, common also in Wick River.
Succinea putris (Linne). Loch Wester, frequent.

CRUSTACEA.

SCHIZOPODA.

Mysis vulgaris, Thompson. Loch Wester, frequent.

Amphipoda.

Gammarm pulex (Linne). Loch Hempriggs, common.

* It is important to note, in connection with the density observations referred to
in this paper, that the temperature of the water was tested and recorded at the time
the density observations were taken.
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COPEPODA.

Cyclops viridis, Jurine. Loch Hempriggs, frequent.

scrrulatus, Fischer. Loch Hempriggs, frequent.

crassicornis, O. F. Miiller. Loch Hempriggs, not common.
CantJiocamptus, sp. Loch Hempriggs.

OSTRACODA.

Cypria serena (Koch). Loch Hempriggs, Loch Wester, side of Wick River.

Icevis {0. F. MuUer). The same localities as the last.

,, ophthabnica (Jurine). With the previous two species frequent.

exsciclpta {S. FiHchev). Loch Hempriggs, scarce.

Cypris fuscata (Jurine). Loch Hem])riggs, rare.

Gypris virens (Jurine). Side of Wick River, frequent.

praslna, Fischer. With the last common.
Erpetocypris reptans (Baird). I ooh Hempiiggs and Loch Wester, frequent.

tumefacta (B. and R.;. Loch Hempriggs, frequent.

Cypridopsis vidua (Miiller). Loch Wester, frequent.

aculeata (Lilljeborg). Loch Hempriggs, Loch Wester, side of Wick
River.

villosa (Jurine). Loch Hempriggs, frequent.

Potamocyioris fulva, Brady. Loch Hempriggs, Loch Wester.
Candona Candida (Miiller). Loch Hempriggs, Loch Wester, side of Wick River.

,, . lactea, Baird. With the last, but not so common.
puhescens (Koch). Also with the last.

,, kingsleii, B. and R. Loch Hempriggs, Wick River.

acuminata (Fischer). Loch Wester, rare.

Ilyocypris gibba (Ramdohr). Loch Hempriggs, Loch Wester.
Limnicythere inopinata (Baird). Loch Hempriggs, Loch Wester, side of Wick

River.

Gythere pellucida {^^Livdi). Wick River, not common.

Cladocera.

Lynceus elongatus. Loch Hempriggs.

,, excisa. Loch Hempriggs.

Loch of Stenness, Orkney.

" Loch Stenness is a great sheet of water about 15 miles in circumference,

including its upper and lower divisions. The name is sometimes applied

to designate both the divisions of the loch, and sometimes it is applied

only to the lower locli which communicates with the sea ; while the upper

loch, which is entirely fresh, is termed the Loch of Harray. The banks
of these lakes, like all the Orcadian lakes, are bare and treeless ; and the

upper loch is divided from the lower by two long narrow promotories that

jut out from opposite sides, and so nearly meet in the middle as to be

connected by a low bridge, called the Bridge of Bogar, over which the

roadway passes. The area of the Loch of Stenness is 1792 acres, and that of

the Loch of Harray 2432 acres; or, together, 4224 acres The
former is nearly 4 miles long, with a maximum breadth of 1-| mile ; while

the latter is 4| miles long, and varying in breadth from 3 furlongs to IJ
mile."*

Loch Stenness (proper).

I made an examination of this loch by means of a small sailing-boat

—

(the weather was too stormy to attempt rowing)— on the 27th September
1890. The loch was tow-netted from above the Bridge of Wraith to near

* Mr A. Young, Inspector of the Scottish Salmon Fisheries, in Fifth Annual
Report of the Fishery Board for Scotland, pp. 366-371 (1887).



of the Fishery Board for Scotland. 287

its upper end, the dredge being also used at several places. Copepoda

—

chieHy Dias longiremus—were moderately common in the tow-net material,

both surface and bottom, and Cyclops eqnorus was frequent in tlie dredged

material. The Lamellibranch mollusc, Mya arenaria, was abundant in all

sta.ues of growth, from an almost microscopic size up to about inch,

in breadth, but no adult specimens were obtained, the reason no doubt

being that the dredge could not penetrate deep enough into the mud to

capture them, for where the conditions are favourable they burrow to a

considerable depth. The bottom appeared to liave a dense growth of algse

covering it in many places, for the dredge, on being hauled up on several

occasions, was filled with little else than growing weed, which was crowded

with young i/yce. Hydrobia tdvce was also present in considerable numbers.

The weed referred to evidently shelters a numerous micro-fauna, and there-

fore forms a rich feeding-ground for the various fishes inhabiting the loch.

It is reported that at least 12 kinds of food-tishes occur in Loch Stenness.

It would be interesting to have this loch examined at certain intervals, a^^,

for instance, about or shortly after the tims of spring-tides, and about the

time of low neap-tides, because froQi its peculiar position the salinity of

the water must vary considerably, and the varying condition of the water

will no doubt react to some extent on the fauna, bath vertebrate and
invertebrate. The loch is of no great depth, the deepest part dredged
by us being little over 5 fathoms. The following physical observations

were taken : (a) near the upper end of the loch, density 101 2
'7, tempera-

ture of water when density was taken 11-2 C; (b) near lower end, density

1012*6, temperature 11 '5 C, which shows that the water was decidedly

brackish at the time of our visit.

Loch Harray.

This loch was visited on September the 30th, and was examined by
means of a rowing-boat, kindly placed at my service by Mr John John
eton, of Vetquoy, near the head of the loch. I tow-netted and dredged
from the upper end of the loch down as far as Tenstone ISTess. I had
the previous year partially examined the lower end in the vicinity of the

Bridge of Brogar. The microfauna of this loch showed a marked contrast

to that of Loch Stenness ; I did not obtain a single Cladoceran in Loch
Stenness, but here they were in myriads, almost to the exclusion of every-

thing else, the prevailing form being Daphnia longispina (?). Copepoda were
also present, and in the vicinity of Tenstone Ness Cypria serena likewise

occurred in the tow-net collections ; but neither were very plentiful.

Loch Harray is very shallow, the deepest part, I was informed, being
little over 2 fathoms. I found the bottom to be very rough and stony,

with occasional intervening patches of clean ground which consisted of

fine blackish mud or muddy sand ; the bottom is said to be very uneven,
and this was partly borne out by what was observed by us daring our
examination. Pond-weed, water-milfoil, and other plants were of frequent

occurrence in the loch, some of the plants having stems 6 to 7 feet in

length. At the time of our visit the water was nearly though not quite

fresh, as the following density observations show. Thus (a) near the head
of the loch, density 1001-3, temperature of water at the time the density

was taken 8*5 C.
; (6) off Tenstone Ness (near the middle of the loch), den-

sity 1001*6, temperature 8*6 C. For comparison it may be stated that the

water from a pump-well at Stromness had a density of 1000*4, temperature
14*7 C.

The following are the lists of invertebrata obtained in the two
lochs :

—
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MOLLUSCA.

Mya arenaria, Linne. Loch Stenness, abundant.
Pisidium roscum, Scholtz. Head of Loch Harray.

Planorbis nautileus (Linne). Head of Loch Harray.
Valvata cristata, Miiller. Head of Loch Harray.
Neritina flttviatilis (Linne). Loch Harray at Bridge of Brogar, common.
Hydrohia ulvce, Pennant. Loch Stenness, common.

CRUSTACEA.

COPEPODA.

Dias longiremus, Lillj. Common in Loch Stenness.

Diaptomus gracilis, G. 0, Sars. Loch Harray, fiequent.

Cyclops viridis, Jurine. Frequent in Loch Harray.

,, oequorus, Fischer. Frequent in Locli Stenness.

OSTEACODA.

Cypria screna (Koch). Loch Harray, generally distributed.
'„ Icevis (0. F. Miiller). Loch Harray, not so common as the last.

,, ophthalmica (Jurine). Loch Harray, frequent.

Cypris prasina, Fischer. Loch Harray, near Bridge of Brogar.

Erpetocyjjris rcptans (Baird). Loch Harray, upper end.

Cypridopsis villosa (Jurine). Loch Harray, generally distributed.

Potamocypris fulva, Brady. Loch Harray, lower end.

Candona Candida (Miiller). Loch Harray, generally distributed.

Caiidoiia lactca, Baird. Loch Harray, u})per end.

,, puhesccns (Koch). Loch Harray, generally distributed.

hyalina, B. and R. Loch Harray, rare, but generally distributed.

,, kingsleii, B. and R. Loch Harray, rare, upper end.

Ilyocypris gihba (Ramdohr). Loch Harray, frequent, generally distributed.

Limnicythere inojnnata (Baird). Loch Harray, generally distributed, but not
very common.

Cytheridea torosa (Jones). Loch Stenness, common ; Loch Harray, lower end.

Cythere pcllucida, Baird. Loch Stenness, frequent.

,, confusa, B. and N. Loch Stenness, frequent.

,, gibbosa, Brady and Robertson. Loch Stenness, rare.

Cytherura nigrescens (Baird). Loch Stenness, frequent.

gibba (Miiller). Loch Stenness, rare,

Cladocera.

Daphnia pulex. Loch Harray, very abundant.

PROTOZOA.

FORAMINIPERA.

Miliolina agglutinans. Loch Stenness, not common.
suh'otunda. Loch Stenness, not common.

Truncatulina lobatula. Loch Stenness, not common.
Polystomella umbilicatula. Loch Stenness, not common.
Nmiionina depi-essula. Loch Stenness, not common.
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CATALOGUE OF CLADOCERA REFERRED TO IN THE PRE-

CEDING REPORT, WITH SYNONYMS AND DESCRIPTIVE

NOTES.

SiDIDiE.

Siday Straus.

Sida crystallina (Miiller).

1776. Daphne crystallina, Miiller, Zool. Dan. Prod., No. 2405.

1821. Sida crystallina, Straus, Mem. Mus. Hist., v.

1850. Sida crystallina, Baird, Brit. Entorn., p. 107, pi. xii. figs. 3, 4
;

pi. xiii.

fig. 1 a-h.

A large and easily observed species, readily distinguished from the next

by the external branch of the antenna having three and the other two articu-

lations. It is somewhat local, but is sometimes found in abundance.

Daphnellay Baird.

Daphnella brachyura (Lievin).

1848. Sida brachyura, Lievin, Branch, d. Danziger Geg.

1850. Daphnella wingii, Baird, Brit. Entom., p. 109, pi. xiv. figs. 1-4.

1884. Daphnella brachyura, Herrick, Crust, of Minnesota, p. 21.

This is much smaller than the last, and at times equally numerous

;

both branches of antennae have only two joints. The shorter branch

has the appearance of a third very short joint at the proximal end, but

the articulation is not complete.

HOLOPEDID^.

Holopedium, Zaddach.

Holopedium gibberum, Zaddach.
1855. Holopedium gibberum, Zaddach, Wiegmann. Archiv. fur Naturges., Bd.

21, p. 159, pi. viii. fig. 9.

1865. Holopedium gibberum, G. O. Sars, Norg. Ferskvand. Clad. Cten., p. 57,

pi. iv.

1883. Holopedium gibberum, C. Beck, Jour. R. Mic. Soc, p. 778, pi. xi.

1884. Holopedium gibberum, Herrick, loc. cit., p. 22, pi. N, fig. 11.

This is a remarkable species, and differs from all other known Cladocera.

It " has the brood cavity greatly elevated, and the whole upper part of the
animal is covered by a jelly-like mass secreted as a protection or float." It

was added to the British fauna by C. Beck in 1881, who found it in

Grasmere, Cumberland, and afterwards in a few other places. Sars gives

a fine figure of the species in the work quoted above.

Daphnid^.

Ceriodaphnia, Dana.

Geriodaphnia reticulata (Jurine).

1820. Monoculus reticulatus, Jurine, Hist. Nat. Monoc, p. 139, pi. xiv. figs. 3, 4.

1850. Daphnia reticulata, Baird, Hist. Entom., p. 97, pi. vii. fig. 5
;
pi. xii.

fig. 1 ( (5 ) and fig. 2 (var. quadrangula\
1884. Ceriodaphivia reticluata, Herrick, loc. cit. ^. 38, pi. A, fig. 21.

t
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The extremity of the post-abdomen is less rounded in this species than

in C. (Daphnia) rotunda ; the test is also less strongly reticulated. " The
members of this genus are danger signals from a hygienic point of view, for

they frequent water containing decaying matter ; as many as 1,400 were

counted in a single quart of such water" (Herrick).

? Ceriodaphnia punctata (P. E. Miiller). PI. i. figs. 3a, h.

1886. Ceriodaphnia punctata, Herrick, loc. cit., p. 39, pi. A, fig. 13.

A form of Ceriodaphnia, with the carapace finely and closely punctate, occurred in

Loch Balnagowan. It appears to differ from C. reticulata and C. rotuTida. I have
referred it, provisionally, to C. punctata, P. E. Miiller, with which it seems to

agree in the sculpture of the carapace and length of the anterior antennse.

Scapholeberis (?), Schodler.

Scapholehcris mucronata (Miiller). PI. i. figs. 2, a-c.

1776. Daphne mucronata, Miiller, Zool. Dan. Prod., No, 2404.

1850. Daphnia mucronata, Baird, Brit. Entom., p. 99, pi. x. figs. 2, 3.

1863. Scapholeberis mucronata, Schodler, Neue Beitrage zur Naturges. der Clad.

1884. Scapholeberis mux^ronata, Herrick, loc. cit., p. 42, pi. iii. fig. 5., and
1884. Scapholeberis cornuta, idem ibidem, p. 43, pi. T, fig. 6 {forma).

S. mucronata and cornuta are apparently forms of the same species.

In Raith Lake I find specimens both with and without the spine on the

front of the head, and also intermediate forms with the spine very little

developed. The free margins of the shell, the head, and the antennae

are of a dark sooty colour.

Simocepkalus, Schodler.

Simocephalus vetulus (Miiller).

1776. Daphne vetula, Miiller, Zool. Dan. Prod., No. 2399.

1785. Daphnia sima, Miiller, Eutomostraca, p. 91, t. 12, figs. 11, 12.

1850. Daphnia vetula, Baird, Brit. Entom., p. 95, pi. x. figs. 1-la.

1863. Simocephahcs vetulus, Schodler, Neue Beit, zur Naturges. der Clad.

1884. Simocephalus vetulus, Herrick, loc. cit., p. 46.

The shell of this species is finely and distinctly striate ; the posterior

end is usually obliquely truncate and without a spine. It seems to be a

widely distributed species.

Daphnia, Miiller.

Daphnia pulex (Linne).

1758. Monoculus pulex, Linne, Syst. Nat., 10th ed., vol. i. p. 635, No. 4.

1776. Daphne pulex, Miiller, Zool. Dan. Prod., p. 199, No. 2400.

1850. Daphniapulex, Baird, Brit. Entom., p. 89, pi. vi. figs. 1-3.

1884. Daphnia pulex, Herrick, loc. cit., p. 56.

A very common and variable species.

Daphnia longispina, Miiller.

1785. Daphnia longispinxi, Miiller, Entomostraca, p. 88, t. 12, figs. 8-10.

1850. Daphnia pulex, var. longispina, Baird, Brit. Entom., p. 89, pi. vii.

figs. 3, 4.

1860. Daphnia longispina. Leydig, Naturges. der Daphniden.
1884. Daphnia longispinxi, Herrick, loc. cit., p. 68.

This comes very near D. puIeXj and may only be a form of that species
;

at any rate, I find specimens that appear to be intermediate between these

two forms.

Daphnia jardinii, Baird. PI. i. figs. 4, 4a.

1857. Daphnia jardinii, Baird, Edin. New Philos. Journ., vol. vi.
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1862. Daphnia cucuUata, G. O. Sars, Om Crust. Clad, iagttagne i Omognen af

Christi.

1866. Hyalo-daphnia berolinensis, Schodler, Archiv. fiir Naturges., p. 24, pi. ii.

tig. 8 ;
pi. iii. fig. 15.

1884. Daphnia cucullata, Herrick, loc. cit., p. 63.

This is distinguished from other British Daphnids by the head being

produced upward to a sharp point.

BOSMINID^.

Bosmina, Baird.

Bosmina longirostris (Miiller).

1776. Lynceus longirostris, Miiller, Zool. Dan. Prod., No. 2394.

1861. Bosminxi longirostris, G. 0. Sars, Om de i Omegnen af Christi. forekom.

Clad., p. 11.

1867. Bosmina longirostris, Nor. and Brady, Nat. Hist. Trans, of Northumb.
and Durham, vol. i. p. 357, pi. xxii. fig. 4.

This is a small species. The anterior antennae are comparatively long and

curved. It occurs sometimes in considerable abundance.

Bosmina longispma, Leydig.

1850. (?) Bosmijia longirostris, Baird, Brit. Entom., p. 105, pi. xv. fig. 3.

1860. Bosmina longispina, Leydig, Naturges. der Daphn., p. 207, pi. viii.

fig. 62.

1867. Bosmina longispina, Nor. and Brady, loc. cit., p. 358, pi. xxii. figs. 1, 2.

This a much larger species than the last, being about double the size.

The anterior antennae are not so curved aud proportionally stouter ; the

spines of the postero-ventral angle are longer and stouter ; the outer or

convex margin is frequently furnished with two indistinct notches ; the

surface of the carapace is faintly striate longitudinally and sometimes

reticulate. This appears to be the form described by Baird. The two
species come very near each other, and may be only forms of one. T

found both forms in Loch Balnagowan, Lismore Island.

Lyncodaphnia.

llyocryptus, G. O. Sars.

Ilyocryptus sordidus (Lievin).

1858. Acanthocercus sordidus, Lievin.

1863. Acantholeberis sordidios, Norman, Ann. Nat. Hist.,ser. iii. vol. xi. pi. xi.

figs. 6-9.

1861. Hyocryptus sordidus, G. O. Sars, op. cit., p. 12; Andet Bidrag., p. 34

(1862).

1867. Hyocryptus sordidus, Nor. and Brady, loc. cit., p. 368.

Hyocryptus is apparentlynot a swimmer. I did not observe any of those

captured making even an attempt to swim though kept alive for several

days; but if clumsy in their movements, which consisted of a kind of half-

crawling, half-tumbling process, they were by no means inactive. Adult
specimens were usually more or less coated with mud.

Lynceid^.

Burycercus, Baird.

Eurycercus lamellatus (Miiller).

1776. Lynceus lamellatus, Miiller, Zool. Dan. Prod., No. 3396.

1850. Eurycercus lamellatus, Baird, Brit. Entom., p. 124, pi. xv. fig. 1.

1884. Eurycercus lamellatus, Herrick, loc. cit., p. 80, pi. H, figs. 5, 6.
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A large and easily identified species. The post-abdomen is " a broad

flattened plate with a very closely serrated margin."

Acroperus, Baird.

Acroperus harpa, Baird.

1835. Lynceus harpce, Baird, Trans. Berw. Nat. Club, vol. i. p. 100, pi. ii.

fig. 17.

1841. Lynceus leucocephalus, Koch, Deutsch. Crust., Myriap. u Arach., p. 36,

pi. X.

1850. Acroper^us har2)ce, Baird, Brit. Eutoin,, p. 129, pi. xvi. fig. 5.

1884. Acrope7'us leucocephalus, Herrick, loc. cit., p. 81, pi. E, fig. 5, pi. i.

fig. 9.

This species is generally distributed and moderately common. For full

description, see Baird, loc. cit., p. 129.

Alonopsis (G. O. Sars).

Alonopsis elongata, G. 0. Sars.

1848. Lynceus macrurus, Lievin, Die Branch. derDan. Geg., p. 41. pi. x. fig. 1.

1862. Alonopsis elongata, G. 0. Sars, Om, de i Omeg. af Christi. forekom. Clad.

Audet Bidrag., p. 41.

1867. Lynceus elongatus, Nor. and Brady, loc. cit., p. 376, pi. xviii. fig. 1,

pi. xxi. fig. 2.

1884. Alonopsis elongata, Herrick, loc. cit., p. 85.

This species is larger than Lynceus quadrangularis, for which it has

probably sometimes been mistaken. It is easily distinguished " by the

presence of the three spines, which spring from the terminal claws of the

abdomen, and which are very conspicuous ucder the microscope." It does

not seem to be a rare species.

Leydigia (Kurz).

Leydigia qimdrangidaris (Leydig). PI. ii. figs. 5, a-h.

1860. Lynceus quadrangulai'is, Leydig, Naturges. der Daphn., p. 221, pi. viii.

fig. 59.

1863. Alona leydigii, Shoedler, Neue Beit, zur Naturges. der Clad., p. 27.

? Leydigia qaadrangularis, Kurz, Dodekas Neuer Cladoceren.

1884. Leydigia quadrangularis, Herrick, loc. cit., p. 88, pi. H, fig. 4.

This species is easily identified by the remarkably broad and almost

semicircular post-abdomen. Norman and Brady include Alona leydigii,

Schoedler, with Lynceus acantliocercoides, Fischer, and reproduce Fischer's

figures of the species. These figures do not agree with Herrick's figure of

post-abdomen of Leydigia qaadrangularis, whereas the Lochgelly specimens

agree perfectly with Herrick's description and figure. I have followed

Herrick in adopting Kurz's name for this Lynceid.

Lynceus., Miiller.

Lynceus te7iuicaudis{(j. 0. Sars).

1862. Alona tenuicaudis, G. 0. Sars, op. cit., Andet Bidrag., p. 37.

1867. Lynceus tcmdcaiidis, Nor. and Brady, loc. cit, p. 376, pi. xix. fig. 3.

1884. Alona tenuicaudis, Herrick, loc. cit., p. 95, pi. i. fig. 2.

This species is easily recognised by the form and armature of the post-

abdomen, which is long, with the sides nearly parallel, " incised below,

lower angle armed with about six strong teeth, the remainder of the series

small."
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Lynccus quadrangularis, Miiller.

1776. Lynceus qtiadrangtdaris, Miiller, Zool. Dan. Prod., p. 199, No. 2393.

1850. Alona quadrangularis, Baiid, Brit. Entoni., p. 131, pi. xvi. fig. 4.

1860. Lynceus ajfinis, Leydig, Naturges. der Daph, p. 223, pi. xi. figs. 68, 69.

1867. Lynccus quadrangular is, Nor. and Brady, loc. cit.-, p. 377, pi. xxi. fig. 5.

1884. Alona quadrangularis, Horrick, loc. cit, p. 97, pi. E, figs. 1, 2.

A widely distributed and common species, with which Alonopsis elongatus

has probably been included, though this latter species is easily distinguished

by its greater size and by the form of the post-abdomen, and the armature

of the terminal claws of the same.

Lynceus costatiis (G. 0. Sars).

1862. Alo7ia costata, G. 0. Sars, op. cit, Audet Bidrag., p. 38.

1867. Lynceus costatus, Nor. and Brady, loc. cit., p. 379, pi. xviii. fig. 2
;

pi.

xxi. fig. 7.

1884. Alona costata, Herrick, loc. cit., p. 97.

This species is considered by Herrick as a not very satisfactory one,

being " founded practically upon the absence of the eighth seta of the

antennae." The post-abdomen is short, moderately broad, and of nearly

equal breadth as far as the superior marginal spines extend, and the

termination of the superior margin is produced to form a distinct angle.

Lynceus guttatus (G. 0. Sars).

1862. Alona guttata, G. 0. Sars, op. cit., Andet Bidrag., p. 38.

1867. Lynceus guttatus, Nor. and Brady, loc. cit, p. 380, pi. xviii. fig. 6 ;

pi. xxi. fig. 10.

1884. Alona guttata, Herrick, loc. cit., p. 94.

This comes near to the last, but the post-abdomen is shorter and more
hollowed out on the superior margin immediately in front of the marginal

spines. The surface of the carapace is frequently ornamented by cellular or

pit-like impressions it is also rather smaller than L. costatus.

Alonella^ Sars.

Alonclla exigua (Lilljeborg).

1853. Lynceus exiguus, Lillj., De Crust, in Scania Occurr., p. 79, pi. vii. figs. 9

10.

1854, Lynceus excisus, Fischer, Bull, de Soc. Imp. des Nat. de Moscou, p. 428,

pi. iii. figs. 11-14.

1862. Alonclla cxcisa, G. 0. Sars, op, cit, Andet Bidrag., p. 52.

1867. Lynceus exiguus, Nor. and Brady, loc. ext., p. 384, pi. xviii. fig. 3; pi. xxi.

fig. 3.

1884. Alonella exdsa and exigiui, Herrick, loc. cit, pp. 103-105, pi. E, fig. 6
;

pi. G, figs. 10, 11.

The two forms here referred to are by some authors considered as

distinct species, but so far as I can make out from the descriptions and
ligures of the authors cited, the chief difference between A. exigua and
A. exdsa is, that in the first, the carapace is smooth or nearly so, whereas
in the second it is distinctly reticulated and marked between the reticula-

tions by distinct and close-set strise. This difference does not seem to be
of sufficient importance to be specific. The post-abdomen, so far as I can

make out from the specimens examined, is similar in form in both, the

antenna? also of both are similar. I have therefore included both in

Lillj eborg's species.

Alonella nana (Baird). PI. ii. fig. 6.

1850. Acroperus nanus, Baird, Brit. Entom., p. 130, pi. xvi. fig. 6.

1860. Lynceus nanus, Leydig, Naturges. der. Daphn., p. 228.

1862. Alonella pygmcea, G. 0. Sars, op. cit, Andet Bidrag., p. 48.

1867. Lynceus nanus, Nor. and Brady, loc. cit., p. 396, pi. xviii. fig. 8
;

pi. xxi.

fig. 8.

1884. Alonella pygmcea, Herrick, loc. cit., p. 105, pi. H, fig. 7.
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The sculpture of this exceedingly small species is like that of no other

Lynceii. It consists of bold and obliquely curved striae, and not merely

impressed lines, which imjvart a beautifully fluted appearance to the shell

when the light strikes across the striae. My specimens differ somewhat
from that figured by Norman and Brady in the work cited, in the rostrum

being less curved—being in fact nearly straight—whereas the figuie shows
the rostrum curving inwards considerably. My specimens agree better

with the figure of A. pygrncea in Herrick's report. It seems to be a some-

what rare species.

Peracantha, Baird.

Peracantha truncata (Miiller),

1781. Lynceus truncatus, Miiller, Entomostraca, p. 75, pi. ii. figs. 4-6.

1850. Percccantha truncata, Baird, Brit. Entora., p. 136, pi. xvi. fig. 1.

1867. Lynceus truncatus, Nor. and Brady, loc. cit., p. 387, pi. xxi. fig. 9.

1884. Pletoroxics truncata, Herrick, loc. cit., p. 112.

This is one of the more distinctly characterised species, the posterior

extremity of the carapace is subtruncate and armed all along the edge

with a series of large tooth-like processes, the hindermost of which are

directed backwards ; surface of shell divergently striated." I have followed

Norman in retaining Baird's generic name, Peracantha.*

Pleuroxus, Baird.

Pleuroxus Icevis, G. 0. Sars.

1844. Lynceus trigonellVjS, Zaddach, Syn. Crust. Pruss. Prod., p. 28.

1861. Pleuroxus Imvis, G. O. Sars, Om. de i Omeg. af Christi., forekom. Clad.,

p. 22.

1867. Lynceus Icevis, Nor. and Brady, loc. cit, p. 389, pi. xviii. fig. 5 ;
pi. xxi.

fig. 14.

1884. Pleuroxus hastatus, Herrick, loc. cit., p. 108, pi. i. fig. xvi.

This species may be distinguished from the others by the form of the

post-abdomen, which narrows gradually towards the claws. The claws

are furnished with two basal spines. With a low power of the microscope

the carapace appears faintly costate, but under a moderately high power

(J inch) the surface is seen to be reticulate, besides being finely striate

longitudinally.

Pleuroxus trigonellus (Miiller).

1776. Lynceus trigonellus, Miiller, Zool. Dan. Prod. No. 2395.

1850. Pleuroxus trigonellus, Baird, Brit. Entom., p. 134, pi. xvii, fig. 3 (feni.).

1850. Pleuroxus hamatus, idem ibidem, p. 136, pi. xvii. fig. 5 (mas.).

1867. Lynr^eus trigonellus, Nor. and Brady, loc. cit., p. 391, pi. xxi. fig. 11.

1884. Pleuroxus trigonellus, Herrick, loc. cit, p. 108.

A widely distributed species, but seldom very abundant. The post-

abdominal claws are furnished with one basal spine.

Pleuroxus uncinatus, Baird.

1850. Pleuroxus uncinatus, Baird, Brit. Entom., p. 135, pi. xvii. fig.

1867. Lynceus uncinatus, Nor. and Brady, loc. cit, p. 393, pi. xviii. fig. 9
;

pi.

xxi. fig. 13.

1884. Pleuroxus uncinatus, Herrick, loc. cit., p. 114.

This seems to be widely distributed though not very common. It varies

a good deal in the shell sculpture. There are also slight modifications in

the form of the carapace ; the greater number of our specimens have the

fostrum more closely appressed to the shell than in those figured by
Norman and Brady, and in this respect they agree more closely with

Baird's figure. The post-abdomen is similar to Norman and Brady's

figure.

* See Museum Normanianum, pt. iii. (1886).
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Chydorus, Baird.

Chydonis glohosus, Baird.

1850. Chydorus glohosus, Baird, Brit. Entom., p. 127, pi. xvi. fig. 7.

1867. LyticeiLS glohosus, Nor. and Brady, loc. cit, p. 398, pi. xx. fig. 5.

1884. Chydonts*glohosus, Herrick, loc. cit, p. 116, pi. F, figs. 1, 2, 3, and 9.

This fine species does not appear to be very common in Scotland. It

was obtained by Mr D. Robertson, F.L.S., many years ago in the Paisley

Canal (where I also found it later on), and in the Hebrides by Eev. A.

M. Norman. It is recorded from several places both in England and
Ireland.

Chydorus sphcericus (Miiller).

1776. Lynceus sphcericus, Miiller, Zool. Dan. Prod., No. 2392.

1850. Chydorus bphcericus, Baird, Brit. Entom., p. 126, pi. xvi. fig. 8.

1884. Chydorus sphcericus, Herrick, loc. ext., p, 116, pi. F. figs. 4, 7, 8, 10.

Chydorus sphcericus is one of the commonest species of the Lynceidse.

MonospUuSy G. O. Sars.

Monospilus tenuirostris (Fischer). PI. i. fig. 1.

1854. Lynceus tenuirostris, Fischer, Bull, de Soc. Imp. des Nat. de Moscou, p.

427, pi. M, figs. 7-10.

1861. Monospilus dispar, G. 0. Sars, op. cit., p. 23.

1867. Monospilus tenuirostrisy Nor. and Brady, loc. cit, p. 403, pi. xix, fig. 2
;

pi. xx. fig. 9.

1884. Monospilus dispar, Herrick, loc. cit, p. 119, pi. i. fig. 21.

This Lynceid differs from all the other species in having only the larval

eye present during all stages of growth, and in the ecdysis not being com-
plete, so that the old shell, instead of being cast off, remains attached to

the new one, which projects more or less beyond the old. The result is

that there are in adult specimens the appearance of more or less regular

growth lines, similar to that observed in some Lamellibranch molluscan

shells. The head is articulated to the carapace so slightly as to easily

become detached from it Herrick speaks of it as the " rarest of all

Entomostraca." He regards it "as a degraded offshoot of the more typical

stem of the Lynceidse."

PoLTPHEMIDiE.

PolyphemuSy Miiller.

Polyphymus pediculus (Linne).

1746. Monocidus pediculus, Linne, Faun. Suec, No. 2048.

1776. Polyphemus occulus, Miiller, Zool. Dan. Prod., No. 2417.

1850. Polypheinus pediculus, Baird, Brit. Entom,, p. HI, pi. xvii. fig. 1.

1884. Polyphemus pediculus, Herrick, loc. cit, p. 121, pi. B, figs. 4-6.

This is a moderately common species, especially in large sheets of water.

Bythotrephes, Leydig.

Bythotrephes longimanus, Leydig.
Bythotrephes longimanus, Leydig.
Bythotrephes cederstromii, Schoedler.

Bythotrephes often occurs in considerable abundance ; it is easily dis-

tinguished by its having an abdominal spine of enormous length.
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Leptodorid^.

Leptodora, Lilljeborg (1861).

Leptodora hyalina, Lilljeborg.

1874. Leptodora hyalina, "Weismann, Bau und Lebenser, von Leptodora
liyalina.

1884. Leptodora hyalina, Herrick, loc. cit., p. 123, pi. N, figs. 6, 7.

This is a large species ; some of my specimens from Loch Leven measure

nearly half an inch in length. Both branches of the antennae are four-

jointed ; the body is elongated, not curved as in Bytliotrephes. It is con-

sidered to be a somewhat rare species, but it was not very rare in Loch
Leven.

EXPLANATION TO PLATES.

Plate V.

Fig. 1. Monospilus tenuirostris, x 57
Fig. 2. Smpholebris mucronata, head with spine, x 40
Fig. 2a. „ ,,

head without spine, x 40
Fig. 2 b. „ intermediate form of spine, x 40
Fig. 2c. „ „ post-abdomen, x 110
Fig. 3. (1) Geriodapknia punctata^ x 56
Fig. 3a. „ ,, post-abdomen, x 132
Fig. 3b. „ „ part of carapace, highly magni-

fied.

Fig. 4. Daphnia jardiniy x 40
Fig. 4a. ,, „ post-abdomen, x 50

Plate VI.

Fig. 5. Leydigia quadrangularis^ x 52
Fig. 5a. „ „ antenna, x 150
Fig. 5b. „ „ post-abdomen, x 87
Fig. 6. Alonella nana, x 165
Fig. 7. Candona amhigua, n. sp., seen from left side, x 65
Fig. 7a. „ ,, seen from above. x 65
Fig. 7b. „ „ antenna, x 165
Fig. 7c. „ „ antennule, x 145
Fig. 8. „ pubescenSf seen from right side (for com-

parison), X 60
Fig. 8a. „ „ seen from above (for compari-

son), X 60
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IV.—WEST COAST FAUNA OF 'GARLAND' EXPEDITION.
By W. Anderson Smith.

When the steam trawler ' Garland ' was on the West Coast of Scotland

in June 1890, I was deputed by the Board to accompany it and advise the

expedition. During the investigation into the oyster and mussel grounds,

I took the opportunity of making as many examinations into the fauna of

these seas as time could be spared for. Now that trawling is prohibited

throughout these waters, to all intents and purposes, no other means of

examining the fauna by the trawl is within reach of naturalists ; and our

ignorance of much of this ground is such, that the proper examination

of it must be regarded as of distinct importance. Both the dredge and
trawl-net were employed throughout the district reaching from Skye to

the south of Islay, but no very important additions were made to the

fish fauna. We were also disappointed in the character of the fish

captured by us during June. It is more than probable that, owing to

the absence of herring, other fish were absent also, while the extremely

stormy and backward weather experienced was in all likelihood the

special cause of the absence of herring. In the west the herring shoals

are largely dependent upon the prevailing winds, and the consequent

presence of entomostracan pelagic fauna. We found these more especially

scarce on this particular voyage—herring nowhere obtainable, and white

fish of all kinds markedly deficient in quantity. That food was at the

bottom of the scarcity of fish was further disclosed by the inferior

condition of most of those captured, especilaly when the take was small.

The rarer fish taken comprised a specimen of the Bed Band fish (Cepola

ruhescens, L.), found in perfect order in the stomach of a skate, in the sound
between Jura and Colonsay. The size was large, 22 inches, and the

species is rare on the Scottish coast, although not uncommon further west

on the Irish coasts. The beautifully marked little top-knot {Zeugopteriis

unipundatus), first figured by me from Loch Creran in 1881, and brought

under the notice of the late Dr Day, was found in Loch Linnhe, and also

to the west of Mull in Loch Scridain. It is not so uncommon as might
be thought from the rarity of its notification, but frequents ground
seldom trawled, and rarely takes a bait. The sail fluke {Arnoglossus

mega,4omay Donov.) proved also to be more widely distributed than we
had otherwise occasion to believe, specimens occurring distributed over all

the ground traversed from Skye to Jura and Loch Linnhe ; as many as

five coming up in the net in Loch Sunart. A marked evidence of the

lack of a valuable fish fauna in the west at this time is the almost total

absence of cod, and the general scarcity of haddock. The only captures

of eatable haddock were a few off Staffa and west of Bum. What were
captured in the Skye lochs were in wretched condition, and showed
general poverty of provand. The only turbot taken outside Kintyre

—

a fine one—was west of Bum ; while the only brill that encouraged

us by its presence was taken from Loch-in-Daal, in Islay. In Clyde area,

turbot, brill, and black soles. Lemon soles were only obtained in Loch
Harport and Moonin Bay, Skye—on the latter ground living entirely upon
young Pectunculus, whose hard shells they had managed completely to

crush. In these western lochs the common, and long rough, dabs were the

prevailing fish stock, and even monopolised the ground, plaice itself being

exceedingly scarce. The * witch '—another inferior flat fish—struggled

for supremacy, and indeed held sway off Rum, where some eighty were
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counted in a single haul. The trawling interest, that has been shut out

from these narrow seas, need not feel aggrieved, as there are few stretches

of ground where an ordinary beam-trawl could safely run for any time, even

if the fish supply were such as to warrant the attempt. It seems useless

to think of stocking these waters; artificially until the conditions are such

as to provide food for the young. These conditions being annual, and
meteorological, cannot be calculated upon. The whole fisheries of the

West Coast are really dependent upon the herring, at least inside the

Outer Hebrides.

It is interesting to note that the small Cephalopod, Rossia macrosoina,

till recently deemed rare, was a constantly recurring capture in the trawl-

net, as well as in the dredge. Its ova in course of hatching out was also

found on several occasions ; the eggs lying amongst the roots of tangle, or

in some old shell. The localities noted for this cuttle fish cover all the

ground traversed by the expedition, and indeed we rarely had a haul of the

trawl-net without some specimens. Besides the ordinary echinoderms, we
had a most remarkable haul of what we formerly considered a rare form of

heart urchin, Bi'issopsis Iprifer, completely choking our net, which hung
like a huge bag of potatoes, and could not be lifted. We calculated the

quantity of these urchins as representing not less than 3 tons weight. Our
object being defined, we could not give special time to investigations of

the minuter fauna, more especially as our staff was also too limited to

work and preserve it, but we gave what time could be spared to sampling

the most likely grounds. We got no specimen of the rare Astronyx

loveni (Mtiller), which we took from the Sound of Sleat, in 90 fathoms,

in 1886. But from the opposite side, off Dunvegan, we obtained a

specimen of BaJanoglossuSy the only one hitherto obtained in the Scottish

seas. This came up from 100 fathoms, along with a very interesting

collection of invertebrate fauna.

The enormous quantities of rich specimens of Pavonaria quadrangularis

that reached us in the trawl from Loch Linnhe made their preservation

impossible ; and although we did not obtain any quite so large as the fine

specimen, 6 feet 6 inches long, obtained by Professor Milnes Marshall, 4

feet long examples were quite numerous. But what seemed most sur-

prising, considering their rarity in collections, was the fact that, if not

quite so large, they were still very fine and very plentiful in Loch Sunart,

Loch Scridain, Loch-na-Keal, and near Stafifa, off Mull, as well as in Loch
Snizort in Skye. Although not quite so numerous as the above, Penna-
tula phosphorea was still plentiful also, over most of the West Coast.

Of Mollusca, the magnificent Isocardia cor was found alive in some
numbers in Loch Sunart, proving their presence still in the vicinity of

Loch Linnhe, and possibly also alive in Loch Creran, whence I have
taken some fine large double valves. The habitat of this shell seems to

be in deep, soft mud, whence an ordinary dredge cannot remove it. The
depth of water at which it lives is also commonly considerable. A large

fragment of Pinna was brought up from 136 fathoms off Canna, where,

or in the vicinity, this largest of British shells may yet be found. In

Loch Harport three very large horse mussels, Modiolus modiola. Each con-

tained specimens of Pinnotheres pisum, females heavy with ova, while on
the surfaces of each a very large Capulus hungaricus was seated, the

curve of the shell fitting the curve of the mussel. The same attendance

of the Capidus upon the Modiolus—as if sheltering among them—was
found to exist in those brought from 136 fathoms off Canna, only these

were smaller, as were the mussels also ; and not a single Pinnotheres was

found inside any of the many mussels opened from thence. The ground
in these cases, even at this great depth, proved to be hard, and conse-
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quently the yield of life was rich. From tliis de[)th the small species

of Xantho tubereulatiis, nearly all the specimens heavy with ova, was

dragged. I do not know of it being obtained elsewhere in Scotland,

although I have taken many of both the other species in Mull.

The wealth of the West Coast in species, more than in numbers, was
amply exemplified during this rough Juno voyage. There is here plentiful

work for the naturalist for many years to come ; but although it is of

more than common interest to examine and compare the possible differen-

tiation that proceeds in these isolated lochs, we are forced to acknowledge
that the viscid blue clay, that forms such an important part of the ocean

bottom in the west, is not specially suited for carrying a great local fish

fauna. This is largely dependent upon the pelagic fauna that is only

abundant under certain conditions, and that brings the herring shoals in

its train. The west, inside the Hebrides, is thus, to an extent, dependent
upon the herring, and only when the herring are abundant are white fish

equally plentiful and good. It is difficult to foresee the possibility of

changing the ocean bottom, except in isolated patches by the creation of

extensive mussel-beds. This certainly promises best for the commence-
ment of any bold and rational attempt at the stimulation of a local fish

fauna. The lists made are too incomplete for publication, until added to

from other sources.
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v.—ADDITIONS TO THE FAUNA OF THE FIRTH OF FOETH.

Part III. By Thomas Scott, F.L.S.

Forty-two species of Crustacea and one species of Mollusca are in this

paper recorded for the Firth of Forth. Though several groups of the

Crustacea are represented among those now recorded, by far the greater

part belong to the Copepoda^ of which there are 31 species, while the

Ostracoda^ Cladocera, AmpMpoda, Isopoda, and Schizopoda are each

represented by 1 species, and the Decapoda by 3.

It will be observed from this and previous papers that the Firth of

Forth possesses a rich crustacean fauiia. Previous to 1887 about 120
species had been recorded for the Forth ; whereas now there are, including

those mentioned in the present paper, about 370 species, besides several

which are still undetermined. But though the number of species has

within recent years been considerably increased, I do not think it can yet

be considered as approximately representative of the crustacean fauna of

our estuary; and I venture to predict that when the Firth of Forth

becomes more thoroughly and systematically worked up the number of

Crustacea will be little, if at all, short of 500 species.

COPEPODA.

GNATHOSTOMA.

CALANIDiE.

Metridia armata^ Boeck.

1865. Metridia armata, Boeck, 'Oversigt over de ved Norges

Kyster iagttagne Copepoder,' p. 14.

1873. Paracalanus hibernicus^ Brady and Robertson, 'Ann. and

Mag. Nat. Hist.,' ser. 4, vol. xii. p. 126, pi. viii. figs. 1-3.

1878. Metridia armata, Brady, 'Mon. Brit. Copep.,' vol. i. p. 42,

pi. ii. figs. 1-12; pi. Ivi. figs. 19, 20.

Habitat—In various parts of the Forth, between Inchkeith and May
Island, I have obtained this species several times during the past year

with both the surface and bottom tow-nets, but not very common. It is

readily distinguished, especially the female form, by the elongated joints

of the abdomen, and several of the first joints of the anterior antenna

being strongly toothed on the upper edge.

Acartia discaudatus, Giesbrecht.

1881. Dias discaudatus, Giesbrecht,"^ 'Die Freilebenden Cope-

poden der Kieler Foehrde,' p. 148, pi. iii. figs. 4, 22, 23;

pi. V. fig. 18; and other plates.

Habitat.—Between Portobello and Cockenzie, well inshore. I obtained

several specimens of this species ; the peculiar form of the caudal furca

first attracted my attention. In the female the last abdominal segment is

much broader posteriorly ; the furca are broad flattened plates, which

together are in breadth about equal to the length of the furca and last

abdominal segment. This appears to be the first British record of Acartia

discaudatus.

* Vierter Bericht der Commission zur \oissenschaftUchen Untersuchung der deutschen

Meere, in Kiel, 1887-1881.
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Cyclopid^.

Oithona setige)' (Dana).

1852. Acartla setiger, Dana, 'U.S. Expl. Exped.'

Habitat.—East of Inclikeith, among bottom tow-net material, several

specimens of this species were obtained in March of this year (1891).

They were readily distinguished from the more conmion 0. spinirostriSy

Claus, by the extremely long and slender setai of the anterior antennie

and of the fifth feet. This appears to be the first British record of

Oithona setiger.

NOTODELPHYID^.

Doropygus nm'maniy Brady.

1878. Doropygus normani, Brady, * Mon. Brit. Copep.,' vol. i.

p. 136, pi. xxxii. figs. 1-14.

Habitat—In the branchial cavities of Ascidians, obtained off Mussel-

burgh by the trawl-net and dredge. This Doro^^jgus is comparatively

common, and is the only species observed, but I do not often find it in

other parts of the Forth. I have examined many Ascidians from deep

water in mid channel east of Inchkeith, and find them much freer of

entomostracan parasites than those from the inshore waters of the south

side of the Firth.

BuPRORIDJfi.

Enterocola erma^ Norman.
1868. Enterocola eruca, Norman. Last Shetland Dredging

Eeport, * Brit. Assoc. Keport,' p. 300
1878. Enterocola eruca, Brady, loc. cit., p. 147.

Habitat.—In the intestine of Ascidians taken by trawl-net off Mussel-

burgh in March of this year (1891). Four specimens were obtained from
as many Ascidians—one in each Ascidian—and from inside the intestine,

thus differing in their habitat very markedly from the other entomostracan

parasites found in Ascidians. Dr G. S. Brady, to whom I sent a speci-

men, identifies it as the Enterocola eruca, Norman. Dr Norman obtained

a single specimen adhering to the intestine of Ascidia intestinalis while
dredging among the Shetland Islands, which appears to be the only
previous British record. Dr Norman, in his ' Report to the British

Association in 1868/ says that it is 'allied to Enterocola fulgens, Van
' Beneden (" Recherches sur la Faune littorale de Belgique Crustaces,"

1861, p. 149, pi. xxvi.), but is apparently distinct.'

Harpacticid^.

Jonesiella spinulosa (Brady and Robertson).

1875. Zosime spinulosa, B. and R. ' Brit. Assoc. Report,'

p. 196.

1880. Jonesiella spinulosa, Brady, loc. cit., vol. ii. p. 41, pi. xlviii.

figs. 14-18
;

pi. xlix. figs. 14, 15.

Habitat.—Largo Bay, dredged, several specimens, $ . This is quite
distinct from Jonesiella fusiformis (B. and R.).

Ectinosoina atlanticum (Brady and Robertson).

1873. Microstella atlantica, Brady and Robertson, 'Ann. and
Mag. Nat. Hist.,' ser. 4, vol xii. p. 130, pi. ix. figs. 11-16.

* Brit. Assoc. Report, 1868, p. 300.
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1880. Edinosoma atlanticum, Brady, loc. cit, vol. ii. p. 13,

pi. xxxviii. figs. 11-19.

Habitat.—East of Inchkeith, in surface tow-net, November 1890;
frequent. This is a very small species, and consequently may be easily

overlooked ; but though frequent in a tow-net collection in November, I

have obtained it very rarely since. I am inclined to believe that some
of the recent additions to the Forth Crustacea, at least in the case of

pelagic species, are only occasional visitants, through having wandered
out of their way, or been carried by currents within the confines of the

estuary. I may state in proof of this that Thalestris serrulatiis^ Brady, of

which several specimens were obtained in a surface tow-netting in 1889,

has not since been observed by me anywhere within the Firth of Forth.

Though this appears to be the first recorded observance of Ectinosoma

atlanticum on the east of Scotland, it has been obtained from several

places on the West Coast, especially the Loch Fyne district. Dr T.

Wemyss Fulton has obtained it in Upper Loch Fyne, and Mr L C.

Thompson, F.L.S., records it from Lower Loch Fyne; also from Loch
Striven, off Kiin, and south of Arran, Firth of Clyde. It was first

described by Brady and Robertson from specimens collected by Mr E. C,

Davison in the open sea, to the west and south-west of Ireland.

Tachidius discipes, Giesbrecht.

1853. Tachidius brevicornis, Lilljeborg, 'Deer.,* p. 196 (non-

Miiller).

1880. Tachidius brevicornis^ Brady, loc. cit, vol. ii. p. 20,

pi. xxxvii.

1881. Tachidius discipes, Giesbrecht, ojx cit, p. 108, pi. ii.

fig. 4
;

pi. iv. figs. 25, 28, &c.

Habitat.—Brackish-water pools at the mouth of Cocklemill Burn,

Largo Bay, July 1890.

Ganthocamptus palmtris, Brady.

1880. Ganthocamptus palustris, Brady, loc. cit.^ vol. ii. p. 53,

pi. xxxix. figs. 13-23.

Habitat.—Brackish-water pools. May Island, 1889. This, though like

the last, a brackish-water species, and inhabiting similar localities, need
not be mistaken for it. Ganthocamp)tus palustris is more slender, and the

anterior antennae are longer and eight-jointed ; the fifth feet are also different.

Dactylopus tenuiremus, Brady and Robertson.

1875. Dactylopus tenuiremus^ B. & R., ' Brit. Assoc. Report,' p.

197.

1880. Dactylopus tenuiremus^ Brady, loc. cit., vol. ii. p. 115, pi.

Ivi. figs. 12-18.

Habitat.—Kirkcaldy Bay, dredged 27th March 1891, readily dis-

tinguished from other species of the genus by the form of the anterior

antennae, which are slender and comparatively long.

Dactylopus flavu^, Claus.

1866. Dactylopus flavus, Claus, 'Die Copepoden-Fauna von Nizza,'

p. 28, t. iii. figs. 13-16.

1880. Dactylopus flavus, Brady, loc. cit.^ vol. ii. p. 116, pi. Ivi.

figs. 1-11.

Habitat.—With the last, and also Largo Bay. This Dactylopus is

easily distinguished from the others by its broad depressed form ; it is a

small species, being little over half a millimetre in length.
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Dactijlopus hrevicoimis^ Glaus.

1866. Dactylopus hrevicorniSy Glaus, op. cit., p. 29, t. iii. figs.

20-25.

1880. Dactylopus brevicornis, Brady, loc. cit^ vol. ii. p. 118, pi.

Ivii. figs. 10-12
;

pi. Iviii. fig. 14.

Habitat—Largo Bay, dredged April 1891. The dredge brought up a

quantity of broken weeds, zoophytes, &c., which yielded a large number of

Entomostraca and other organisms, including several not previously ob-

served in the Forth. D. brevicornis has very short and stout anterior

antennae, by which it is readily distinguished.

Dactylopus minutm, Glaus.

1863. Dactylopus minutuSy Glaus, 'Die frei lebenden Copepoden,*

p. 126, t. xvi. figs. 14, 15.

1880. Dactylopus minutus, Brady, loc. cit., vol. ii. p. 119, pi. Ixvii.

figs. 12-14.

Habitat.—Largo Bay, with the last, a small species with two ova-sacs;

only a few specimens were obtained. A somewhat large but slender form

of Dactylopus was of frequent occurrence in the dredged material from

Largo Bay, which, as far as I could make out, appears to be a variety of

D. tisboides, Glaus. The more typical form of the species having the

pellucid markings on the outer branch of the fifth feet also occurred.

Thalestris helgolandica, Glaus.

1863. Thalestris helgolandica, Glaus, ' Die frei lebenden Gopepoden,'

p. 131, t. xvii. figs. 12-21.

1880. Thalestris helgolandica, Brady, loc. cit., vol. ii. p. 123, pi.

Ixi. figs. 9-14.

Habitat.—Largo Bay, with the others. One or two specimens that

appeared to belong to this species were obtained. The form of the second

foot-jaw, the long slender spines of the first feet, and the peculiar form of

the fifth feet, are sufficiently characteristic to allow of this species being

readily distinguished from other Thalestris ; it seems to be a rare species.

Thalestris clausii, Norman.
1868. Thalestris clausii, Norman, ' Brit. Assoc. Report,' p. 297.

1873. Parathalestris claiisii, Brady and Robertson, ' Ann. and
Mag. Nat. Hist.,' vol. xii. p. 136.

1880. Thalestris clausii, Brady, loc. cif.j vol. ii. p. 128, pi. Ixii.

figs. 1-12.

Habitat.—Largo Bay, frequent among weed dredged in 7 to 8 fathoms.

This is a robust species, the first feet are stout, with strong and com-
paratively short terminal claws.

Thalestris rufo-violascens, Glaus.

1866. Thalestris rufo-violascens, Glaus, ' Die Gopepoden-Fauna von
Nizza,' p. 33, t. iv. figs. 18-22.

1880. Thalestris rufo-molascens, Brady, loc. cit., vol. ii. p. 131, pi.

Ixi. figs. 1-8.

Habitat.—Largo Bay, obtained in the same dredging with the last. This
is apparently a rare species ; as yet I have only observed one or two
specimens. The only other British localities where it has been obtained,

so far as I know, are those mentioned in Dr Brady's monograph, viz.,

* Shetland and Firth of Glyde.' Dr Brady has kindly examined one of the
Forth specimens, and corroborated my diagnosis.
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PorcelUdium fimbriatum, Claus.

1863. PorcelUdium Ji7nbriatum, CIslms., ' Die frei lebenden Cope-
podeii,' p. 140, t. xxii. fig. 1.

1880. Porcellidum fimbriatum^ Brady, loc. cit, vol. ii. p. 167, pi.

Ixx. figs. 1-4.

Habitat.—Largo Bay, among weed brought up by the dredged ; a few
specimens only were obtained. The caudal segments of the Forth specimens
have four small setae at the outer and one at the inner angles ; the outer

margins of the last thoracic segments have a deep notch nearly midway
between their extremities and the extremities of the preceding segment,

and a stout ciliated tooth projects from the upper edge of the notch

;

the last thoracic segment has its outer margins also much more strongly

ciliated than the margins of any of the preceding segments.

Lichomolgus furcillatus^ Thorell.

1859. Ldchomohius furcillatus, Thorell, ' Om Krustaceer i Ascedier,'

p. 74, t. xiii. fig. 20.

1880. Lichomolgus furcillatus, Brady, loc. cit., vol. iii. p. 49, pi.

Ixxxviii. figs. 10-14.

Habitat.—In branchial sac of an Ascidian, brought up in the trawl-net

west of May Island, 31st April 1890 ; one specimen."^ The anterior

antennae of this species are six-jointed, which thus differs from L. fucicolus

Moreover, this last appears to be ' an entirely free-living ' species.

Another species, L. forficula, that I have frequently obtained in large

Ascidians in East Loch Tarbert, Loch Fyne, and in Scapa Flow, Orkney,

has not yet been observed in the Forth.

CoRYCiEIDiE.

Monstrilla rigida (J. C. Thompson), 9 •

1 887. Cymbasoma rigida, J. C. Thompson, ' Jour. Linn. Soc.

(Zool.),' vol. XX.. p. 154, pi. xiii. figs. 1-4.

1890. Monstrilla rigida, Bourne, 'Quart, Jour. Microscopical

Science,' vol. xxx. (new sen), p. 565, pi. xxxvii. figs. 8,

11-12.

Habitat.—OfiP Musselburgh, in bottom tow-net. A specimen, apparently

belonging to this species, was obtained 25th March this year (1891). f It

has three setae to each of the caudal furca, the penultimate abdominal
segment is considerably longer and stouter than the last one, and furnished

with a genital appendage. The genital appendage (setae) is very little

longer than the furcal setae. Several other specimens belonging to this

interesting genus have been obtained in the Firth of Forth and in St

Andrews Bay during the past year, but I have not yet had time to

examine them.

PARASITA.

Caligid^.

Ccdigus diaphanus, Nordmann.
1832. Caligus diaphanus, Nordmann, ' Microgr. Beitr.,' ii. p. 26.

1850. Caligus diaphanus, Baird, 'Brit. Entom.,' p. 269, pi. xxxii.

fig. 1.

* I have recently obtained a few more specimens east of Inchkeith in Ascidians.

t J. C. Thompson, F.L.S. ,
F.R.M.S., Liverpool, to whom I sent the specimen,

confirms my diagnosis. Little or nothing is yet known of the internal structure of

Mo7istrilla ; though the mouth is quite distinct, thei'e is little, if any, trace of an
alimentary track, but there surely must be such a track, however indistinct.
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Habitat.—On cod, pollack, and other fishes. This appears to be the

largest of the British Caligi ; the carapace of some of my specimens

measures 8 mm. in breadth. It is not so common as the next species.

Caligus rapax, M. Edwards.

1840. Caligus raj^ax, M. Edwards, 'Hist. Nat. Cmst.,' iii. p. 453,

No. 6, t. 38, fig. 9.

1850. Caligus rapax, Baird, 'Brit. Entom.,' p. 270, pi. xxxii. figs.

2, 3.

Habitat.—On various fishes, as the cod, saith, pollack, lumpsucker,

taken also with surface and bottom tow-nets. A common species. The
young (Ohalimus scombri, Burmeister) frequent on the lumpsucker.

Caligus miilleri, Leach.

1816. Caligus millleri, Leach, * Enc. Brit. Supp.,' i. t. 20, fig. 68.

1850. Caligus miilleri, Baird, loc. cit., p. 271, pi. xxxii. figs. 4, 5.

Habitat.—The abdomen of this species is decidedly shorter than that

of Caligus rapax, the shape of the carapace is also more oblong. It

does not appear to be very common.

Lepeoptheirus pedoralis, Miiller.

1776. Lemma pedoralis, Miiller, ' Zool. Dan,,' i. p. 41, t. 33,

fig. 7.

1832. Lepeoptheirus jjedoralis, Nordmann, 'Mikr. Beitr.,' ii, p. 30.

1850. Lepeoptheirus pedoralis, Baird, loc. cit., p. 275, pi. xxxii.

fig. 10.

Habitat.—Adhering to the pectoral fins of the plaice {Pteuronectes

platessa), frequent. Lepeoptheirus differs from Caligus by not having
sucking disks on the frontal plates.

Lepeoptheirus thompsoni, Baird.

1850. Lepeoptheirus thompsoni, Baird, loc. cit, p. 278, pi. xxxiii.

fig. 2.

Habitat.—On the gills of the turbot
;
frequent. In this species the

thorax is larger and the abdomen longer than in the previous one.

Cecropid^.
Cecrops latreillii. Leach.

1816. Cecrops latreillii. Leach, ' Enc. Brit. Supp.,' vol. i. t. 20,

figs. 1-5.

1850. Cecrops latreillii, Baird, loc. cit., p. 293, pi. xxxiv. figs. 1, 2.

Habitat.—Attached to the gills of the short sunfish (Orthagoriscus

moloe) caught in the Forth, October 1890 (Andrew Scott). This species

has been taken by Edward on the gills of both the short and oblong

sunfish in the Moray Firth. Specimens of C. latreillii, from the Forth
are also in the Edinburgh Museum (E. Clark).

Lmmargus muricatus. Kroyer.

1838. Loemargus muricatus, Kroyer, ' Tidsskrift,' vol. i. p. 487,

t. 5, figs. A, B, C, D.
1850. Lcemargus muricatus, Baird, loc cit., p. 295, pi. xxxiv.

figs. 3, 4.

Habitat.—Attached to cavities hollowed out of the flesh of a short
sunfish caught in the Forth, October 1890 (Andrew Scott). It has
also been recorded by Edward from the Moray Firth, from the same
species of sunfish. Lcemargus appears to be more restricted in its habitat
than Cecrops.

u
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Chondracanthid^.

Lernenioma cornuta (Mliller).

1776. Lerncea cornula, Miiller, ' Zool. Dan.,' vol. i. t. 33, fig. 6.

1817. Chondracanthus cornutus, Cuvier, ^Regne. An.,' vol. iv.

p. 258.

1850. Lernentoma cornuta^ Baird, loc. cit.y p. 328, pi. xxxv. fig. 2.

Habitat.—Attached to the gills of the long rough dab.

Lernentoma lophii (Johnston).

1836. Chondracanthus lophii, Johnston, Loudon's 'Mag. Nat.

Hist.,' vol. ix. pp. 81, 82, figs. 16, a-c.

1850. Lernenfoma lophii, Baird, loc. cit., p. 330, i)l. xxxv. fig. 3.

Habitat.—On Lophius piscatorius, caught in the Forth
;
frequent. Tt

has long twisted o vigorous appendages. It is commonly found inside

the gill-pouchcs of the Lophius.

Lernentoma asellina (Linne).

1761. Lerncea aselliiia, Linn., 'Fauna Suecica,' 2101.

1822. Lernenioma asellina, Blainville, ' Journ. Phys.,' xcv. 441.

1850. Lernentoma asellina, Baird, loc. clt., p. 329, pi. xxxv. tig. 4-

Habitat.—On the gills of the common gurnard (Trigla gurnardus)

caught in the Firth of Forth, not common. Also recorded for the Moray
Firth, by T. Edward.

Trebius caudatus, Kroyer.

1837. Trebius caudatus, Kroyer, ' Tidsskrift,' vol. ii. p. 30, t. 1.,

flg. 4.

1850. Trebius caudatus, Baird, loc. cit., p. 280, pi. xxxiii.

figs. 3, 4.

Habitat.—On the back of a large grey skate {Raia batis) caught

near May Island.

ANCHORELLIDiB.

Anchorella uncinata (Miiller).

1776. Lerncea uncinata, Miiller, 'Zool. Dan.,' vol. i. t. 33, fig. 2,

1832. Anchorella uncinata, Nordmann, ' Mikr. Beitr.,' vol. ii. p.

102, t. 8, figs. 8, 9 ; t. 10, figs. 1-5.

1850. Anchorella uncinata, Baird, loc. cit., p. 337, pi. xxxv. fig. 9,

Habitat.—Adhering to the inside of the mouth, on the gills, gill-

covers, and other parts of the cod ; also found on the haddock. This

species is of frequent occurrence, especially on large cod taken in the

Firth of Forth.

Anchorella rugosa, Kroyer.

1837. Anchorella riigosa, Kroyer, ' Tidsskrift,' vol. i. p. 284, t. 2,

fig. 7.

1850. Anchorella rugosa, Baird, loc. cit., p. 338, pi. xxxv. fig. 8.

Habitat.—Attached to the gills of the cat-fish {Anarrhichas lupus)
]

rather rare.

Penellad^.

Lemeonema spratta (Sowerby).

1806. Lerncea spratta, Sowerby, 'British Miscellany,' t. 68.

1840. Lemeonema monillaris, M. Edwards, ' Hist. Nat. Crust.,*

vol. iii. p. 525, t. 41, fig. 5.

1850. Lemeonema spratta, Baird, loc. cit., p. 341, pi. xxxv. fig. 10,-
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Habitat. — Attached to the eye of a sprat (?) in one of the Leith

dry docks. One day in August la.st year, my son (John Scott) ob-

served in one of the Leith dry docks (one of the two belonging to

the Leith Dock Commission), from which the water was being pumped
out, a parasite adhering to the eye of a young herring or sprat

—

one of a small shoal that had entered the dock while the gates were

open — which, from his description, appears to belong to this species.

*The parasite,' he says, 'had a long slender body, and long ovisacs.'

The eye to which the parasite was attached appeared to be blind, for

on one occasion he reached out his hand so close to the fish as almost

to touch it. As he was about to lay hold of the fish it happened to

turn so as to see his hand, and instantly darted off. A considerable

number of the fish were left dead after the water was pumped out of

the dock, but he failed to find among them the one with the parasite

—it had probably been carried out with the water (as many of the

other fish were) that had been pumped from the dock. Lerneonema
spratta seems to be very rare in the Forth, although I have
examined hundreds of sprats, I have failed to observe a single specimen
of the parasite. So far as my son can remember, the body of the

parasite he saw was of a greenish colour. He and others saw the fish

with the parasite attached swimming about for a considerable time

before the water was all pumped out of the dock, but ultimately lost'

sight of it.

Lerneocbrad^.

Lemma hranchialis^ Linne..

1767. Lerncea hrancMalis, ' Systema Naturae,' edit. 12th.

1850. Lemma hrancMalis, Baird, loc. cit., p. 344, pi. xxxv. fig. 12.

Habitat.—Attached to the gills of the cod, haddock, and whiting.

Frequent on such fish taken by us in the Forth, mostly on fish in

poor condition, sometimes so many are adhering to the gills, that the

gill-covers are kept from closing because of them.

The parasitic Copepoda are an interesting group, and doubtless play an
important part in the economy of nature. Dr Baird's work, which I have
mainly followed in the preceding notes, is the only monograph we have
on the British species, though several records have since been published

through scientific societies and otherwise.

OSTBACODA.

Cytherid^.

Cythere gibbosa, Brady and Kobertson.

1869. Cythere gibbosa, Brady and Bobertson, ' Ann. and Mag.
!N'at. Hist.,' ser. iv., vol. iii. p. 368, pi. xxi. figs. 1-3.

1889. Cythere gibbosa, Brady and Norman, ' Mon. M. and F.-W.

Ostrao. of the N. Atlantic and K-W. Europe,' p. 136, pi.

xiv. figs. 30, 31.

Habitat.—Brackish pools at the mouth of the Cocklemill Burn, Largo

Bay; obtained July 12, 1890; frequent. This is very much a brackish-

water species. It has been recorded from localities more or less purely

marine. It would be interesting to know if specimens from such locali-

ties were living ; those now recorded were so.
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CLADOCEKA.
POLYPHEMID^.

Podon polyphemoides, Leuckart.

1859. Podon pohjplienioides, Leuckart, * Arch. f. Naturg. I./ p.

263, t. vii. fig. 5.

1859. Podon polyphemoides^ P. E. Miiller, idem, p. 220, t. vi.

figs. 5, 6.

Habitat.—Firth of Forth, in surface tow-net east of Inchkeith ; not

very common; December 1890. This species has also been recorded for

St Andrews Bay by Professor M'Intosh.

AMPHIPODA.

DULICHIIDiE.

Dulicllia porreda (Spence Bate).

1857. Dyopedos porreda, Spence Bate, 'Ann. Nat. Hist.,' 2ndser.,

vol. xix. p. 151.

1868. Dulidda porreda, Bate and Westwood, ' Brit. Sess.-Eyed

Crust.,' vol. ii. p. 21.

Habitat.—Off Musselburgh, Firth of Forth, among trawled material

(weeds, zoophytes, (fee); a few specimens only; April 1891. The pro-

podos of the second Gnathopoda are armed with the two prominent for-

ward-directed teeth characteristic of the species.

I S 0 P 0 D A.

ASELLIDiE.

Leptaspidia brevepes, Spence Bate and Westwood.
1868. Leptaspidia brevepes, Spence Bate and Westwood, * Brit.

Sess.-Eyed Crust.,' vol. ii. p. 333.

1888. Leptaspidia brevepes, Robertson, * Amphipoda and Isopoda

of the Firth of Clyde,' p. 76.

Habitat—on Musselburgh, Firth of Forth; rare; April 1891. This

species, seen from above, is broadly ovate ; it is also considerably

depressed. The species is a very small one, being little over the one-

twentieth of an inch in length. It was first obtained by Mr Robertson

at Cumbrae, and described in ' British Sessile-Eyed Crustacea.' I have
observed it in East Loch Tarbert, lioch Fyne ; but it does not appear to

be a common species anywhere. There is no danger of mistaking it for

Miinna, though it seems to be nearly allied to that genus.

SCHIZOPODA.

MvaiD^.

Mysidopsis angusta, G. O. Sars.

1863. Mysidopsis angusta, G. 0. Sars, ' Zool.-Reise,' p. 30.

1872. Mysidopsis angusta, G. O. Sars, ' Mon. over Gorges My-
sider,' pt. ii. p. 27, pi. viii. figs. 14-24.

1876. Mysidopsis angusta^ G. O. Sars, ' Middelhavet's Invert.

Fauna,' p. 101.
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Habitat.—East of Inchkeith. Rare. Specimens have been obtained

from other parts of the estuary, but seldom more than one or two at a time.

It is easily distinguished from the other two British species by the sh'ghtly

forked telson. I have also obtained M//iiidnps7's' anrjmfa in Loch Fyne
and in the Moray Firth. There are now twenty well-authenticated

species of Schizopoda included in the Forth fauna.

>

DECAPODA.
CRANGONIDiE.

Crangon faf<ciat2is, Eisso. *

1816. Crangon fasciatus, Risso, * Crust, de Nice/ p. 82, t. iii.

fig. 5.

1853. Crangon fasciatus, Bell, ' Brit. Stalk-Eyed Crust.,' p. 259.

Hahitat.—Off Musselburgh, Firth of Forth. Two specimens of this

pretty little species were captured with the bottom tow-net in 4 to 5

fathoms water. The contrast of colour was very marked in these speci-

mens, the cephalo-thoracic and fourth abdominal segments being dark

chocolate brown, and a band of the same colour across the tail append-

ages, while the other parts were nearly white. The squarely-truncate

rostrum is a well-marked characteristic of the species.

Crangon negledus, G. O. Sars.*

1882. Crangon negledus^ G. O. Sars.

Hahitat.—Largo Bay ; several specimens among weeds dredged in

about 8 to 9 fathoms water. This is quite distinct from the previous

species, and also from C. nanus. The rostrum is broadly rounded in this

species. It does not appear to have been previously recorded for the

East Coast of Scotland.

Nika ediiliSj Risso.

1816. JVikaeduUs, Risso, 'Crust, de Nice,' p. 85, pi. Ixxxiii. fig. 3.

1853. Nika eduUs, Bell, 'Brit. Stalk-Eyed Crust.,' p. 275.

Habitat.—Seven to eight miles east of May Island ; rare. It has been
obtained by Edward in the Moray Firth, where I also observed it. It is

recorded from Loch Fyne, and from Brodick Bay, Firth of Clyde, by
Professor J. R. Henderson,! but nowhere does it appear to be very

common.

MOLLUSCA.

Bullion.

Cylichna nitidida, Loven.

1846. Cylichna nitidula, Loven, ' Ind. Moll. Scand.,' p. 10.

1853. Cylichna nitidula, F. and H., * Brit. Moll.,' vol. iii. p.

515, pi. cxiv. fig. 6.

1867. Cylichna nitidula, Jeffreys, 'B Gonch.,' vol. iv. p. 412;
vol. V. pi. xciii. fig. 2.

Habitat.—West of May Island ; rare. A few specimens were obtained

from the stomachs of haddocks—a source from which a few other rarities

have been obtained.

* See also Rev. A. M. Norman's paper in Fishery Board's Fifth Annual Report

(1886), p. 156, for further references.

+ * Decapod and Schizopod Crust, of the Firth of Clyde,' p. 33 (1886).
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Additional Notes.—Since the preceding notes were in the hands of

the printer I have been enabled to add the following species, the Rev.

A. M. Korman, F.R.S., having kindly named them for me.

Caligiis isonyx, Steenstrup and Llitken.

Habitat.—Inside the gill-covers of the common gurnard {Trigla gur-

nardm). I find this Caligus of frequent occurence on specimens of the

common gurnard taken by us in the Forth, but on no other kind^f fish.

Haemohaphes cydopterina, Fabr

Hahitat.—Attached to the gills of the pogge {Agomis cataphractus).

This interesting species was obtained by Mr Peter Jamiesou, Assistant

Naturalist to the Fishery Board, adhering to the gills of a pogge taken

from the stomach of a cod at Dunbar, during April of this year (1891).

Dr A. M. Norman informs me that this is the first time Hdemohaphes has

been observed in the British seas. The arrangement of the ovaries differs

from that of all other species with which I am acquainted. Each ovary

resembles a coiled-up rope, the coils being of equal diameter throughout,

and resting the one on the other, thus forming a miniature cylinder.

The length of the parasite, including the ovaries, is fully half an inch.

Cliaropinus Dalmanni, Retzius.

Habitat.—Attached to the inside of one of the spiracles of a large grey

skate {Raia batis) caught by the ' Garland's ' trawl S.E. of May Island.

This is a large species. The specimen obtained measures about 2 inches

in length, including the ova- sacs.

Tauria medusarum (0. Fab.), [Hype7'ia tauriformis^ Bate and West-
wood, Brit, sess.-eyed Crust., ii. p. 519 (1868)]. Taken with the surface

tow-net in the vicinity of the Bass Rock, November 1890. Several

specimens were obtained. Both gnathopods of this species are chelate,

the lower part of the carpus being produced forwards so as to reach the

extremity of the propodos. The inner margins of the produced part of

the carpus and of the propodos is serrated. This species was first

obtained in British waters by Thomas Edward of Banff.
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VI.—ON THE DEVELOPMENT OF THE PLAICE {Pleuronectes

platessa). By J. H. Fullarton, M.A., D.Sc, F.R.S.E. (Plates

VIL-IX.)
^

Preliminary Report.

Ripe plaice were obtained by Mr Thomas Scott, F.L.S., when on board
of the ' Southesk ' in January last, and fertilisation of the ova was effected

on the afternoon of the twenty-seventh of that month. The fertilised

eggs arrived at Dunbar Marine Laboratory on the following day, and the
first of the larva3 hatched in sixteen and a lialf days, the remainder
continuing to hatch during the following two days, when the last of the

embryo plaice emerged through the egg-membranes. The average

temperature of the sea- water of the vessels containing the developing eggs

was 45° Fahr., and the daily range was within 3° more and 2° less than

this figure. The slow rate at which development proceeded was entirely

due to the low temperature of the sea-water during the last days of

January and the month of February. After birth the complete absorption

of the yolk-sac took other twelve days, so that the time taken from
fertilisation till the absorption of all the yolk was altogether twenty-nine

days, or, roughly speaking, one month.
Preliminary to the treatment of the development of the species in

detail, I w^ll here give a general account of the development, illustrated

with drawings from fixed, stained, and mounted specimens of the whole
embryo.*

The changes immediately after fecundation were not observed by me, as

the first living stages were twenty-six hours old before they reached me.
Besides the corrugated surface of the egg-membrane, which has been
noticed both by M'Intosh f and by Cunningham, J was very marked in

all of the plaice ova, and the wrinkling makes observations on the earliest

stages of the living egg more difficult to follow. On the formation of the

blastoderm, as in other pelagic ova, the animal pole is ventral, the yolk

mass being uppermost. Fig. 1 shows the blastoderm at the eight-celled

stage, two of the cells showing each a nucleus. In other teleostean

ova, flounder, herring, sand-eel, &c., I noticed the formation of the

first furrow when it began as a slight depression of the blastodisc,

which gradually became deeper, till the germ was divided into two large

cells. The blastoderm of eight blastomeres shows one longitudinal and
three transverse furrows, one pair of cells being slightly in a different

plane from the other three. At this stage there is undoubtedly no
horizontal furrow, all the furrows being perpendicular to the basal plane

of the germ, a result in accordance with the statements of other observers

on teleostean segmentation, but at variance with those of Kupffer§ and
Hoffman.

1

1 The cells of fig. 1 are large, and become repeatedly divided

till they form such a blastoderm as in fig. 2. Coincident with the

division of the blastomeres, the blastodermic area is extended, and in fig.

* I have to thank Mr P. Jamieson, Assistant Naturalist to the Board, for his

valuable assistance in the technique, and Mr F. G. Binnie who drew the figures from
my preparations.

t M'Intosh, W. C, and Prince, E. E, 'On the Development and Life-histories of

the Teleostean Food and other Fishes,' Trans. Roy. Soc, Edin., vol. xxxv., 1890.

X Cunningham, J. T., 'The Eggs and Larvse of Teleosteans,' Trans. Roy. See.,

Edin., vol. xxx.

§ Kupffer, C, ' Die Entwicklung des Herings in Ei/ Jahresb. der Comm. dent. Meer
in Kiel, 1874-76.

II Hoffman, C. K., Zur Opt. der Knockenfische, Archiv f. mikros. Anatomie,
vol. xxiii.
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2 occupies about 50° of the surface of the sphere. The cells are more or

less polyhedral, especially in the centre of the blastoderm, and more
rounded towards the periphery, the cells of the margin in places projecting

on to the adjoining yolk mass. The blastoderm shows small oil-globules

underneath and between the cells.

On the second day segmentation made great advances and the blasto-

derm increased till it covered 70° of the surface of the sphere. Fig. 3 shows

the blastoderm towards the end of the second day, with the number of cells

enormously increased, their size reduced, and their shape more rounded

;

the intercellular ispaces are still numerous though small. The blastoderm

maintains its slow growth and the embryonic rim {b.r.) is soon indicated,

and becomes distinct six to twelve hours after the st-age shown in fig. 3.

The embryonic rim broadens with the marked increase of growth of the

blastoderm, and in fig. 4 the first indication of the future embryo (em.)

projecting inwards from the embryonic rim is seen. The central part of

the blastoderm is clear, due, as will be seen, to the thinning of this part of

the blastoderm and to the sub-blastodermic cavity, while the thickened

periphery makes the margin darker. In fig. 5 the further growth of the

embryo is exhibited and the peripheral part, opposite the embryo, is pro-

jected slightly and is stained deeper than the central part. The embryo
continues to grow inwards and the blastoderm increasingly surrounds the

yolk-mass. The embryonic ingrowth twelve hours after the stage figured

5, showed an incipient division into head and body and the cells alongside

of the embryo exhibit numerous oil-globules, but not till some hours sub-

sequently is the division of the embryo into head and body clearly shown.

In fig. 6, not only is this division into two parts shown but the head
part shows the future forebrain (f.h.) and the optic lobes (op.). The fore-

brain is a rounded prominence in front of the somewhat elongated optic

lobes. The brain contrasts both as regards length and breadth with the

narrow body or trunk portion. The nervous system (ne.) and the notochord

(nc.) are continued from the brain-mass towards the caudal end, and occupy
almost the whole length of the trunk of the embryo. Fig. 7 is a drawing
of the embryo five hours older than that of fig. 6. The embryo is one

half longer than that of fig. 6, and the breadth has increased in proportion.

The divisions of the brain have become more marked, and the optic

portions, while they have decreased in size, show a gradual separation from
the central brain-mass. The region of the mid-brain (in.b.) is distinguish-

able from the hind brain (h.b.) which has attained a greater breadth than

the mid brain. An indication of the future brain capsule is shown at this

stage, being more distinct in the region of the hind brain. The notochord

(nc.) is seen through the nervous chord (ne.) into which is gradually merged
anteriorly the hind brain (h.b.)

The posterior end of the embryo in figs. 6 and 7 projects as a tail-

swelling (t.s.) into the wide blastopore (bl.).

Blastopore.—The successive stages of the formation of the blastopore

(bl.) are easy to trace. After the formation of the embryo, the blastodermic

rim becomes continually extended by the epibolic growth of the blasto-

dermic area over the yolk-mass. In fig. 6 the blastopore occupies at least

half of the peripheral surface of the egg, the margin of the blastopore

being the outer part of the embryonic rim. With the growth and ex-

tension of the embryo along the surface of the egg, the growth of the

epibolic covering continues, reducing the size of the blastopore, the anterior

margin of which is seen in fig. 7. One day afterwards the blastopore

has decreased much in size till it assumes the elongated and somewhat
rectangular appearance in fig. 8. Coincident with this lessening of the

blastopore Kupfi'er's vesicle (k.v.) appears slightly in front of it. In fig. 8
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this round vesicle is shown as single, lying underneath the posterior end

of the notochord, but observations on the living egg showed in more than

one instance tlie appearance of one large and several smaller vesicles.

These were situated at the very posterior of the embryo, and the smaller

vesicles disappeared, while the larger vesicle became enlarged and assumed

a more anterior position, persisting as Kupffer's vesicle. The appearance

of the vesicle was manifest not till the blastopore was greatly reduced in

size, about one day before the disappearance of the blastopore. In the

cases where more than one vesicle was seen, these vesicles appeared more
posteriorly than when only one vesicle was seen, but this may be due to

the multi-vesicular stage being an earlier stage than the uni-vesicular state.

1 noticed in the living egg something similar to what M'Intosh and

Prince"'^ state as to the growth of the embryonic area over the vesicles.

The vesicles when first seen were posterior to the caudal portion of the

embryo, but a short time afterwards the single vesicle which resulted from

this multi-vesicular condition was covered by the advancing tail of the

embryo. In no case did I find these secondary vesicles to persist for

above an hour or so. The growth of Kupffer's vesicle was proportionate

to the decrease in size of the blastopore. It persisted for nearly two days

from its first appearance to its disappearance; and is seen in figs. 8, 9, 10,

and 10a (K.v.). It is last seen as a projecting vesicle under the caudal end
of the embryo (fig. \0a.), when the blastopore (figs. 10 and 10a, bl.), has

just closed ; but I have never seen it so far forward as M'Intosh and
Prince figure it on PI. V. fig. 6. While the blastopore is rudely rectangular

in fig. 8, it is elliptical in fig. 9, and is shown as a spot in fig. 10. Simul-

taneously with the disappearance of the blastopore the embryo is more
constricted off from the tissue which has epibolically overspread the yolk-

niass.

By the time that Kupffer's vesicle has appeared four or five pairs of pro-

tovertebrae (pr.) have arisen (fig. 8), and this number is gradually increased

both head and tailwards (figs. 8 and 10). The protovertebrae were first

noticed when the embryo was 5 days hours old, and on the ninth day
onwards the myotomes of the trunk were formed (figs. 12, et seq., my).

The pigment on the trunk is very well marked along the edge of the

myotomes, being either black or lemon yellow.

Nervous St/stem and Sense Organs.—The divisions of the brain are

indicated as early as the fifth day (fig. 7, f.b., m.b., h.b.), and in fig. 9 is

the first external indication of the cavity of the brain. After the seventh

day (fig. 10) the constriction of the mid brain from the hind brain is shown.
The mid brain is somewhat pyriform in shape, and posteriorly (fig. 11)
arches over the inner side of the eyes. The hind brain is shortened and
broadened, and the opening of the fourth ventricle is very marked. From
the stage represented at fig. 10 onwards the continuation of the brain

cavity and the central canal of the neurochord (ne., fig. 11) is seen. The
pineal gland {pn., fig. 15) is seen in side view of the embryo just before

and subsequent to the period of hatching. In the earlier stages of the

embryonic history the different regions of the brain lie in the same plane,

but as development proceeds the mid brain arches over both the forebrain

and the cerebellum. Figs. 10-21 illustrate this displacement of the relative

parts of the brain. When the yolk is absorbed (fig. 21) the cerebellum

is almost completely covered dorsally by the mid brain, while the line

drawn along the surface of the mid brain anteriorly, of the pineal gland,

and of the fore brain, is almost at right angles to that drawn on the dorsal

surface of the mid brain and^cerebellum. This shows the great curvature

Ut supra.
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which the brain has undergone from the time when the first divisions are

well marked (fig. 10) to the larval condition at fig. 21.

The first of the sense-organs to be preformed is the eye {op.)^ which, early

on the fifth day (fig. 6), is indicated as an optic lobe. The optic lobes are

hollowed out as optic vesicles towards the end of the sixth day (fig. 9), and

twelve hours afterwards (fig. 10) the invagination of the eye has taken place,

and the lenses have been formed. At the period of hatching (fig. 15) the

iris (?r.) is beautifully iridescent, and envelops the lens (Z.) except at the

choroid fissure {cli.). In fig. 16 the head is shown slightly irregular in

shape, the twisting and unequal development exhibited by the head of

the Pleuronectidse being anticipated by a considerable inverval. This

early twisting is abnormal. In the later larval stages the lens becomes

enlarged, and sometimes appears as if it projected more from the eye.

The auditory organ {au.) does not appear till two or three days after the

indication of the formation of the optic organs (fig. 9), and at first is

situated relatively far back ; but as development progresses and curvature

of the brain increases, it comes to lie close behind the brain-mass (fig.

21). Primarily a solid mass which becomes hollowed out to form a simple

vesicle (fig. 9), strands of tissue appear in theauditory vesicle (figs. 17-21),

which are tri-radiate in shape. The olfactory organ {ol.) first appears (fig. 9)

as a solid mass of tissue in the angle between the optic vesicle and fore

brain, and the cells (fig. 10) are soon arranged radiating from a centre on the

epidermis. This is due to the olfactory organ becoming an open pit, and
as such persists in the later embryological stages.

The heart {lit.) and the digestive system {g.) are well marked at the period

of hatching, the former appearing as a tube on the ventral surface behind

the eye and in front of the yolk-sac. By the time of the absorption of

the yolk the distinction of the circulatory organ (fig. 21) into posterior

auricle {aur.) and anterior ventricle {vent.) is quite apparent even in fixed

and mounted preparations. In fig. 15 (at the period of hatching of the

embryo) the digestive system consists of a simple tube, the gut (^7.), ending

in an apparently closed anus {a.) close behind the yolk-sac. At the

anterior termination of this digestive tube the liver (ir.) is formed as a

knob of cells projecting ventrally from the mid-gut part of the intestine.

The liver, which at this stage is single-lobed, soon becomes bi-lobed, and
the gall-bladder {g.h., fig. \^ et seq.) is apparent as a clear vesicle either

towards the surface of the liver or between the lobes, when that organ

becomes bi-lobed. With the increase of the young larva, there is an
increase in size of the hepatic organ.

The gut, which is a simple tube in fig. 15, exhibits an indication of

further differentiation in figs. 16 and 17, and the corrugations of the

walls of the intestine make their appearance. In fig. 1 8, when the larva

is two and a half days old, the gut is distinctly divided into two parts,

the hind-gut (h.g.) or rectal portion being constricted by a narrow neck

from the mid-gut {m.g.) This constriction is seen at all subsequent stages,

and the villous character of the mid-gut becomes more pronounced. The
mid-gut in the larva of five days (fig. 19) begins to show a bending
on itself, which in two or three days becomes a loop interposed between
the position of the liver and the posterior half of the mid-gut. The an-

terior part of the loop forms the stomach (,9^., fig. 21). An oesophageal

portion {f.g.) of intestinal canal appears simultaneously with the bending

of the raid -gut on itself, and is shown in figs. 19-21 ; the mouth (m.) is

seen between the mandible {mn.) and the olfactory organ. The mouth
when first seen is covered by a tissue layer stretching from the upper to

the lower jaw.

The urinary vesicle {u.v.) is seen posterior to the gut in the angle between
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the trunk and the rectum. It is small in fig. 17, but in fig. 18 both the

vesicle and its duct are seen in close approximation to the rectum, the

duct opening immediately b(diind the anus. Figs. 20 and 21 also show
urinary duct and urinary vesicle, though the duct is not always apparent

when larvae of this age are viewed as a whole.

The yolk-sac, viewed by some as part of the ovum and by others

as an appendix of the ovum, is considerably reduced by the time

of the hatching of the embryo. The yolk-mass during the absorption

of the yolk by the larva is gradually retracted from the v/ail of the

sac, and the surface of the yolk-mass exhibits stellate pigment spots

which are fewer in number as the yolk-mass decreases. The appearances

indicated during this change are illustrated by figs. 15-21, y.

On the tenth day the eml)ryonic or marginal fin (w./., fig. 12) appears

along both the dorsal and ventral aspect of the posterior part of the trunk.

The dorsal portion of the fin on the eleventh day (fig. 13) is about double

the length of the ventral marginal fin, and during the subsequent life of

the embrj'^o a marked increase takes place both in the length and in the

breadth of their marginal fins. After the birth of the larva the marginal

fin becomes very broad, extending from the head along the dorsal surface

of the body round to the ventral surface as far as the anus. The caudal

fin-rays (c./.) radiating outwards from the tail are seen during the same
period (figs. 18 and 21). The pectoral fins ip.f.) arise as lateral outgrowths

from the body at about the same time as the marginal or embryonic fin is

distinct (fig. 1 2). They have a broad base when they arise, but the limb
subsequently becomes proportionally broader. The clavicular part {cl.) of

the pectoral girdle is visible from the stage represented by fig. 17 onwards.

EXPLANATION OF REFERENCES.

a. anus.

au. auditory organ.

aur. auricle.

hp. blastopore.

hr. blastodermic rim.

ch. choroidal fissure.
I

ct. caudal fin.

cl. clavicle.

f. h. fore-brain, m.h. mid-brain, Ti.h. hind-
brain.

g. gut, m.g. mid-gut, h.g. hind-gut.

g.J). gall-bladder.

ht. heart.

ir. iris.

K.v. Kupffer's vesicle.

I. lens.

Ir. liver,

m. mouth.

mf. marginal fin.

mn. mandible.
my. myotomes.

I
nc. notochord.

ne. neurochord.

ol. olfactory organ.

op. optic lobe, optic vesicle, and eye.

p.f. pectoral fin.

jm. pineal gland.

pr. protovertebrse.

St. stomach.
u.v. urinary vesicle.

ven. ventricle.

y. yolk and yolk-sac.

EXPLANATION OF PLATES VII.-IX.

Fig. 1. Blastoderm, 6 hours old, dorsal view x 45.

Fig. 2. Blastoderm, 26 hours old, dorsal viewx 40.

Fig. 3. Blastoderm, 43 hours old, dorsal view x 40.

Fig. 4. Blastoderm, 67 hours old, showing embryonic rim and embryo dorsal
view X 40.

Fig. 5. Blastoderm, 79| hours old, dorsal view x 40.

Fig. 6. Embryo, 4 days 2 hours old, sho-wing brain and body, dorsal view x 40.

Fig. 7. Embryo 4 days 7 hours old, showing divisions of brain and proximal periphery
of blastopore, dorsal view x 40.

Fig. 8. Embryo, 5 days 64 hours old, showing protovertebrse, Kuppfer's vesicle, and
elongated blastopore, dorsal view x 40.

Fig. 9. Embryo, 5 days 19^ hours old, showing sense-organs, dorsal view x 40.
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Fig. 10. EinLiyo, 6 days 8 hours old, showing brain divisions and cavities, formation
of lens and closure of blastopore, dorsal view x 40.

Fig. 10a. Side view of caudal end of 10 x 40.

Fig. 11. Head end of embryo, 7 days Q\ hours old, showing sense-organs, divisions

of brain ventricles, and central canal of neurochord, dorsal view x 65.

Fig. 12. Embryo, 9 days 7i hours old, showing pectoral and marginal fins and
myotomes, dorsal and oblique view x 25.

Fig. 13. Embryo, 11 days 1\ hours old, dorsal and side view x 25.

Fig. 14. Embryo, 13 days 7\ hours old, dorsal and side view x 25.

Fig. 15. Larva, 16 days 20^ hours old (just hatched), showing pineal gland, liver, and
intestine, side view x 15.

Fig. 16. Larva 1 day (just hatched) showing division of intestine into mid and hind
gut, anus, and gall-bladder, side view x 15.

Fig. 17. Larva, 2 days, showing mandible and urinary vesicle, side view x 15.

Fig. 18. Larva, 2| days, showing heart and rays of caudal fin, side view x 15.

Fig. 19. l^arva, 5 days, side view x 15.

Fig. 20. Larva, 8 days, showing folding of intestinal canal on itself, side view x 15.

Fig. 21. Larva, 12 days, showing doubling of intestinal canal and slight remains of

yolk, side view x 15.
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VII.—FURTHER OBSERVATIONS ON THE LIFE-HISTORIES
AND DEVELOPMENT OF THE FOOD AND OTHER FISHES.
By Professor M'Intosh, M.D., LL.D., F.R.S., St Andrews Marine
Laboratory. (Plates X.-XIIL)
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1. On the Development of the Brill,

Few opportunities have hitherto been found either for the examination

of the ova of the brill or its development, and accordingly the following

preliminary account is not without interest :

—

Amongst former authors Parnell makes a brief remark, in his Fishes of
the Forthj that the brill spawns in spring.

Couch does not seem to have seen a ripe fish ; and Day has no infor-

mation of his own concerning the spawning period of this fish.

Recently Raffaele"^ gave some attention to the egg of this species at

Naples. The floating egg was found in February and March, with a dia-

meter of 1*33 mm., the oil globule being 0*23 mm. He describes the

brownish pigment of the embryo in the egg, and gives a figure of a larva

with the yolk partially absorbed (fig. 18, tav. 4), which he doubtfully refers

to the brill. The head of this larva is certainly peculiar, the snout being

pointed superiorly, and the oil-globule placed somewhat behind the centre

of the yolk ventrally. The pale-brown pigment with some darker specks

is distributed generally over the body and yolk-sac, while a patch occurs

in the marginal fin dorsally just behind the pectorals, and a broad bar

dorsally and ventrally about midway between the vent and the tip of the

tail, after which the caudal region is translucent.

The eggs of the brill were referred to in a previous report as occurring

in February and March in St Andrews Bay,t but no ripe female bad been
obtained. Mr Holt, J however, procured a ripe female last year off the

* 'Le uova galleggianti, '&c., 1888, p. 48, tav. 4, figs. 8, &c.

t Seventh Ann. Report, Part HI., p. 266 ; and Researches, p. 847.

X Trans. Roy. Dub. Soc.j vol. iv. ser. ii. vii. p. 452, pi. 18, figs. 13 and 14.
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west coast of Ireland, and described and figured the egg. Unfortunately

no ripe male was secured. Mr Holt points out that the pale oil-globule

sometimes shows a faint dull-yellowish coloration round the edge. He
noticed that the zona was thrown into ridges like those of the lemon-dab.

A considerable quantity of the eggs of the brill was procured by Mr
Thomas Scott, F.L.S., off Montrose, about 7 p.m. on April 30, and, for

want of better, fertilised with the milt of a turbot. Both brill and turbot

were of average size. Mr Scott states that the germinal disc was faintly

visible at 8 a.m. on the 1st May, and more distinctly so the same evening.

On the morning of the 2nd May segmentation had commenced, and he

accordingly sent on the ova to the St Andrews Marine Laboratory, where
they were received at 3.30 the same day.

In the evening the disc was in the biconvex stage. Next day (3rd) the

germinal cavity appeared, and on the 4th May the embryonic shield was
formed. The egg on the 6th May, when minutely inspected, resembled

that of the lemon-dab, though in regard to size it is larger, the diameter

being about '0555 of an inch, or 1*4097 mm., the contraction after preser-

vation in spirit reducing the size to *048 or '0495 inch, and picric acid

causing even greater diminution. The capsule {zona radiata) presents an
irregular basket-like pattern, similar to that of the lemon-dab, with a slight

sheen (PI. X. figs.l, 2). In many, moreover, a series of minute oil-globules

formed a zone round the larger. The blastoderm of this date (6th May)
has not quite enveloped the yolk (PI. XIII. fig. 1), and the majority of the

eggs are unhealthy or dead. Even temporary examination in several

instances sufficed to prove fatal, a rare occurrence with healthy eggs. The
embryo is outlined, and the optic vesicles distinct. On the 7th the closure

of the blastopore occurred, and next day Kupffer's v^esicle appeared. On
the 12 th a considerable portion of the tail was free, and on the 13th one

or two emerged, floating languidly on the surface. A few issued at

intervals till the 15th May. On the whole, however, not more than

twelve or fifteen were hatched out of the total number of eggs, and the

vitality of these was low, since none survived more than two or three

days. Professor Prince, who was at the Laboratory during my absence,

kindly made drawings of the egg immediately before hatching and of the

newly hatched larva (PI. XIII. figs. 2 and 3). The development of the

brownish and black pigment on the trunk of the embryo in ovo is charac-

teristic
;
moreover, yellowish and black chromatophores exist in connection

with the oil-globule, and the yolk has numerous yellowish pigment-specks.

The black chromatophores on the head and body are stellate or ramose,

and minute black grains occur in the eye. The skin of the marginal fin

is glandular.

Immediately after extrusion the young hybrid (PI. XIII. fig. 3) is about
2*6 mm. in length, as measured by Professor Prince. The yolk-sac is large

and rounded, with the oil-globule placed at the posterior border, and
somewhat above the ventral edge. The head presents a normal appear-

ance, and thus differs from the sketch of the supposed brill given by Dr
Raffaele."^ The body and marginal fin have the usual disposition. The
dorsum of the head has black and brown pigment-corpuscles, and the body
is deeply tinted of the same characteristic brownish colour to the vertical

caudal bar, bla'^k chromatophores being dotted all over the same region.

The marginal fin has a patch of yellowish and brownish with a few black

chromatophores just behind a line from the posterior bor' "
"

sac. About midway between the latter border and the

patch of yellowish pigment with one or two black chroma

dorsally and ventral ly, so that a kind of bar is forme
* Op. cii,, tav. 4, fig. 18.



of the Fishery Board for Scotlami. 319

touches mentioned the brownish pigment of the body soon fades, yellowish-

brown taking its place, and finally the tip is pale. The yolk-sac shows a

series of black chromatophores along the upper arch and at the oil-globule,

brownish corpuscles along the anterior border, and yellowish with a few

brown over the posterior half.

This form therefore dilfers from the supposed larval brill figured by

Dr Eaffaele in the general outline of the body, in the normal condition of

the head, in the position of the oil-globule, which in the Neapolitan speci-

men has a considerable portion of yolk behind it. The shade of brown in

the two forms differs much, but it is noteworthy that the pigment-touches

in the marginal fin approach each other. Thus the posterior bar is in the

same position in both, but the anterior is above the posterior border of

the pectoral in the iovm from Naples. How far these differences are due

to hybridism further observations only will show.

2. On the Eggs and Larv^ of the Pleueonectid B—
The Long Rough Dab %

The ova of most of the pleuronectids, with the exception of the

halibut, have been under observation at St Andrews or elsewhere,

the only other doubtful case being that of the long rough dab, for the

ripe specimens examined during the trawling expeditions had been more
or less dried by exposure on the deck of a trawler ; and though the ova

were evidently pelagic their characters were incomplete. Thus the turbot

has a small pelagic egg with an oil-globule ; the brill has a considerable

egg also with an oil-globule ; the egg of Miiller's topknot has an oil-

globule, and it is probable that the other species of the genus agree in this

respect. Eaffaele describes the eggs of an Arnofjlossus as having an oil-

globule, and with a diagnostic post-larval form, and Mr Holt has lately been

able to verify this off the west coast of Ireland in A. megastoma. The eggs

of the plaice, lemon dab, witch or pole flounder, dab, and flounder, are

all known ; while the eggs of most of the soles have likewise been
described, and are readily differentiated.

The egg in question (Pleuronectid B) is a comparatively common egg,

occurring in considerable numbers on the fishing grounds off the Forth,

as observed during the trawling expeditions in 1884, and, besides, is

very often swept in small numbers into various bays. It belongs to

a pleuronectid very generally distributed, and which spawns with great

regularity in March, April, and May off the East Coast of Scotland.

It appears sooner on the deep water fishing banks than, for instance,

in St Andrews Bay, either probably because the spawning fishes occur

there, and some time is required for the transmission of the ova by
currents, or because the adults on these grounds attain maturity somewhat
earlier. No ripe fish in St Andrews Bay has been seen with such eggs,

but this is to be expected since the adults of most of the pleuronectids

spawn on the offshore grounds.

Mr Cunningham* described and figured this egg (Pleuronectid B) before

hatching, and further observations were given on the egg and the

newly-hatched larva in the 'Pelagic Fauna' of St Andrews Bay.t

* Trans, Roy. Soc. Edin., p. 105, pi. vii. fig. 2. He observes:—'This form is

'easily distinguished by one conspicuous characteristic, viz., that the perivitelline
* space is very wide The eggs vi'ere obtained in the latter end of March, both
* in 1885 and 1886, about lO^niiles east of the Isle of May. Unfortunately, time could
* not be found to give sufficient attention to the form to isolate and keep it alive till

' hatching took place. Thus the characters of the larva were not ascertained, and
* no egg at all similar has been taken directly from an adult fish. ' Published
May 1887.

t Seventh Annual Bejport, S.F.B., p. 270, &c., pi. ill. figs 1, 2, and 3.
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Additional remarks are made in the Researches, where an account

of the late larval condition, with a coloured figure by Professor Prince

occurs. It it there stated that the larval fish is comparatively large,

resembling in certain respects the larval plaice.

It is remarkable that since the trawling expeditions no ripe specimen

of the long rough dab has been under examination at the Laboratory,

though it occurs not infrequently in the bay, and is widely distributed

elsewhere ;
indeed, when the liners are at work off the Carr in the early

part of the year many are caught. Mr Holt has now, at any rate, proved

the identity of the egg named Pleuronectid B with that issuing from
the long rough dab, and thus has done good service in clearing up the

obscurity. In no collection made with the tow-nets in the ordinary way
have these eggs been in greater numbers than on Liston's Bank, east of

the Island of May, as shown in the detailed results of the ' Garland's ' work
in this department.

In the Seventh Annual Keport of the Board, 1889, Part III. p. 191, a

summary of the condition of 821 specimens of the long rough dab is

given by Professor Ewart and Dr Fulton, from which it appears that in the

Forth some were quite mature in December, more in January, and still

more in February and March, while in April and May ripe specimens

occasionally occurred. In the Moray Firth, again, ripe examples occurred

plentifully in January and February. My own experience in regard to

the occurrence and distribution of the characteristic ova is that they have

hitherto been found chiefly in March, rarely one or two in February, and
that in all probability, though nearly ripe, none are discharged before

January. The maximum period seems to be in March and beginning of

April. The expansion of the ova probably takes place shortly before

extrusion, since only one or two of those preserved in March 1884 (from

the ovary) show an indication of this condition.

Couch, who appears to have considered this a somewhat rare fish in his

neighbourhood, states that it spawns in May and June ; while Malm
gives February and March as the spawning period.

3. On an Unknown Egg and Larva.

In the bottom tow-net of the 9th Marcli, in St Andrews Bay, an

extremely buoyant egg, not hitherto described, appeared, and for some
weeks it occurred occasionally. It is a comparatively small egg, measuring

about •032 inches, with a distinct oil-globule, and frequently in addition

another definite pale area, slightly refracting the light, and apparently

due to a differentiation of the yolk (PI. XII. fig. 1). In eggs with an

early blastoderm {e.g., small-celled stage) the oleaginous area appears

to be near the animal pole. In manipulating this egg, the oleaginous

area in some got under the embryo and kept the egg floating with the

embryo upward, and the oil-globule downward. In dead eggs the area

sometimes breaks up into a number of spheres. In a single abnormal

egg the oil-globule occurred in a lateral position. As a rule, pigment

appears in connection with (under) the oil-globule, and in some advanced

forms minute round vesicles occur on the surface, and occasionally one or

two large pale vesicles at the margin. In one specimen two chromato-

phores appeared in the area of the large vesicle in front of the oil-

globule, instead of in that of the oil-globule itself ; the yolk is not per-

fectly transparent, but is minutely streaked with short wavy touches.

It has not yet been determined whether these are superficial or general.

* Mlntosh and Prince, p. 853, pi. x. fig. 8, pi. xiii. fig. 3, and pi. xviii. fig. 2.
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The egg appears to develop slowly, though this was probably due,

in some respects, to the severity of the weather in March. Black

pigment very early occurs in the embryo, forming a lino of chromato-

phores on each side of the body anteriorly. The centre of the heart

is granular or papillose, and the skin, before hatching, is minutely

vesicular.

On extrusion (PI. XII. figs. 5 and 6) the larva floats with the ventral

surface uppermost, and the oil-globule is at the posterior and inferior

part of the yolk. Moreover, it has several blackish chromatophores.

One of the most marked features is the motionless condition of the

heart, faint contractions only occurring at distant intervals on the second

or third day. It is possible that such may take place at intervals earlier

if observation had been prolonged enough
;
but, at any rate, it presents a

contrast to the condition in other forms in which the heart usually

pulsates actively before they leave the egg. In an example of the

fourth day, the contractions begin at the venous end, which is directed

forward, and slightly to the left, or when viewed from below, slightly

to the right. The blackish chromatophores form a broad lateral bar in

front of the tail, and a small group somewhat anterior, and those on the

head and sides behind the yolk-sac are better developed. Under a lens

(with refracted light) the pigment has a blackish-brown aspect. The
alimentary canal is in a very rudimentary state, and ends blindly in the

cutaneous tissues above the oil-globule and behind the yolk. The ventral

marginal fin extends forward on the yolk, forming a crest as far down-
wards as the oil-globule.

In a day or two the lumen of the alimentary canal extends from the

otocysts backward, but no anal opening can yet be observed. The yolk

is still curiously streaked and wavy, and the cutaneous tissues are

cellular, a streaked arrangement occurring in the tail. Two distinct

pigment-bars exist behind the yolk-sac as in Motella (PI. X. fig. 7),

but the posterior is much the larger as well as the earlier developed.

A chromatophore or two also by and by appear ventrally near the tip of

the tail. The chromatophores are numerous on the head and sides of

the body as far back as the posterior border of the yolk-sac.

In its earlier stage the larva is more or less quiescent—floating near

the surface of the vessel, and only gyrating occasionally. As it gets

older it now and then darts actively about, such movements, apparently,

stimulating the heart into action.

A similar egg appears in the collections of the 'Garland' in the

Forth, and may be connected with a Motella^ e.g.^ M. tricirmta.

4. On a Second Unknown Egg, and Larva with the Oil-Globule
AT THE Ventral Border of the Yolk.

Towards the middle and end of May and onward into June an egg
not infrequently occurs in the bottom tow-nets which seems to be closely

allied to that figured in the Researches, in fig. 4, PI. V., but which is

not specially described in that treatise. It is larger than the foregoing

(that supposed to be connected with Motella iricirrata), measuring about
•039 in. or "9906 mm. in diameter (PI. XIII. fig. 4). During develop-

ment yellowish pigment appears on the body of the embryo and the

surface of the yolk-sac.

On extrusion the larva is readily distinguished by the fact that the

oil-globule, which is comparatively small, is placed considerably in front

of the posterior border of the yolk-sac, as shown in the lateral view
of an older stage in the Researches, PI. XVII., fig. 4. Moreover, the

X
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vent occurs a short distance behind the yolk-sac, thus leaving a short

pre-anal marginal fin. The general arrangement of pigment, which is

bright canary yellow, is indicated in Prof. Prince's figure just referred to.

If viewed from the ventral surface the newly hatched larva (Plate XIII.

fig. 5) is dotted all over with the yellowish chromatophores, which have

not yet thrown out processes, and the position of the oil-globule is

diagnostic. It floats for the most part with the yolk-sac uppermost,

as shown in the latter figure, only wriggling a little now and then.

In this form also the movements of the heart are not visible on

extrusion. The development of the glandular vesicles in the skin, as

indicated in the figure of an older larva in the Researches (PI. XVII.
fig. 4) is another prominent feature. The oil-globule is carried slightly

forward during the absorption of the yolk, and a marginal series of

yellowish chromatophores occurs in the fin dorsally and ventrally.

Its relationships are yet undetermined, but it probably pertains to a

fish by no means infrequent in the neighbourhood.

5. On an Abnormal Egg of the Grey Gurnard {Trigla gurnardus).

On the 9th of April 1890 (PI. V. figs. 3 and 4) an egg was procured

in the bottom-net which, from the presence of five oil-globules, somewhat
resembled that of a weever. On measuring it, however, Mr Holt ascer-

tained the following particulars for me :

—

Diameter, . . . . . . . 1 '28 mm. = -055 in.

of largest oil-globule, . . "22 mm. = "008 in.

„ of two lesser oil-globules, . . '17 mm. = '006 in.

of smaller oil-globule, . . . 'll mm. = '004 in.

„ of smallest oil-globule, . . . '08 mm. = -003 in.

The smoky appearance of the oil-globules, and the general character of the

egg, showed that it was an abnormal egg of the grey gurnard. This was
fully proved by the structure of the embryo. In the figure made on the

3rd April (PI. XII. fig. 3) the blastoderm has covered two-thirds of the

yolk; but when the pigment had begun to develop, and the embryo
was advanced (PI. XII. fig. 4), only two oil-globules were visible, each

having a protoplasmic investment with various vesicles at their borders,

and the pigment-specks of the yolk-sac over their surface. The embryo
developed normally up to the 18th April, but died before hatching took

place.

6. On an Unknown Elongated Post-Larval Form with Prominent
Teeth and Long Pectorals.

In the mid-water net of 20th July 1889 a peculiar post-larval form,

which differs from anything hitherto seen, was obtained. In spirit (PI.

XIL fig. 8) it is about 7 mm. in length. The head has a pair of large

eyes, and the mandible is prominent below the open mouth. From the

somewhat truncated condition of the premaxillary region, however, the man-
dible, when closed, was probably bent obliquely upward. Both premaxillary

region and mandible are truncated in front
;
presenting, indeed, a nearly

straight margin, the outer ends in each*case forming a prominence (Pi. XL
fig. 6), In the mandible the latter gives origin to one or two sharp

teeth, the tips projecting beyond the mucous membrane. !No others

occur in the lower jaw. The transverse line is somewhat shorter in the

premaxillary region, and a long sharp tooth occurs in each papilla, the tip

just reaching the mucous surface. After an interval externally is another
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prominence with a smaller tooth. From what appears to correspond to

the lower margin of the pre-opercular region, two prominent spines project

outward and backward. The branchiiw have simple papill.-B. The body

tapers gently from the head to the tail, the notochord passing nearly

straight out in the latter, though a considerable hypural thickening

exists inferiorly. The dorsal marginal fin begins behind the head and
joins the caudal. Ventrally it extends from the anus to the caudal. The
latter shows only embryonic rays, and these are less distiaictly marked
throughout the marginal fin—dorsally and ventrally. The pectorals form

two rather large and long organs, apparently with true rays, the upper

and lower being short, the median much longer. They are deeply tinted

with black pigment on the inner surface, or what probably is the

ventral surface in action. It is chiefly developed in the interradial

integument. Two pigment-specks occur near the middle line in front of

the eyes, four symmetrically placed over the mid-brain, with, several

chromatophores in the middle line behind, the only others being a few at

the base of the pectorals ventrally, and along the ventral margin in the

posterior third of the body.

It is difficult, as well as uncertain, to assign the relationship of this

form. All that can be said at present is, that the form of the mandible

and the dentition point to a fish peculiar in this respect.

7. On the Young Stages of Cottus.

Three interesting stages were procured in the ' Garland,' west of the

Island of May, at the surface, on the 29th April 1890. The smallest of

these measures 7 mm. It is a comparatively short fish, with a prominent

abdomen and projecting anus. In spirit, large black chromatophores

occur on the snout and head, and are continued backward on each side of

the dorsal fin fully to a vertical line from the vent. From behind the

pectorals a transversely-arranged series of the same pigment-corpuscles

extends in a diminishing ratio to the anus. They thus, as in certain

other forms, characterise the upper region of the abdomen. The terminal

portion of the notochord is nearly straight, and the somewhat rounded
tail-fin has embryonic rays. A thickening, however, is noticeable inferiorly

in the region of the hypurals, and traces of permanent rays also exist.

The dorsal presents embryonic rays, with true rays developing close to

the line of the body. No differentiation of the first dorsal has yet taken
place. A similar condition exists in the anal, though the permanent rays

are less developed. The head of the specimen is injured, but a sharp

spine is visible on each side at the occiput. None appears above the eyes.

The other two specimens are about equal in size, and represent nearly

the same stage, viz., at 9*5 mm. (PI. X. fig. 6). The snout is now somewhat
more prominent, though blunt at the tip, and dorsally marked by sym-
metrical touches of black pigment, which occur at the tip, at the nasal pits,

and in connection with the brain. The peritoneal pigment is conspicuous

at the upper region of the abdomen, and there are touches of the same black

pigment laterally on the opercular region and inferiorly on the hyoidean.

The body is deeper and longer, and the black pigment passing from the

occiput along each side of the dorsal fin has posteriorly extended as a

broad bar to the ventral margin. The posterior border of this bar is

comparatively straight, and marks the end of the middle third of the fish.

The development of the hypural elements has pushed the terminal regiou

of the notochord upward, and true fin-rays are formed along the ventral

portion of the caudal. Both dorsal and anal fins have, for the most part,

embryonic rays as before. The occipital spine is longer, and another,
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somewhat shorter, occurs to its inner and posterior border. Like the

rest of the spines both are enveloped almost to the tip in skin. At the

upper and posterior border of each eye is a small spine, while four or five

sharp and prominent spines occur along the inferior curve of the pre-

opercalum. The pectorals are large and have true rays, but only two slight

papillae indicate the ventrals.

An older specimen, which, however, is barely the length of the preced-

ing, and which may therefore belong to another species, came from St

Andrews Bay last year, the date unfortunately having been lost. The
pigment (in spirit) has for the most part disappeared, only the cephalic

and the abdominal persisting. The body is deep and compact, and the

tail is now formed for the most part of the inferior rays, while the tip

of the notochord is superior and sheathed in hypural and epiural elements.

The dorsal and anal hns have true rays, except a portion in front of the

tail. No differentiation of the first dorsal has taken place,* though the

first portion of the fin is somewhat lower than the succeeding, and at

this stage it is of considerable length. The pectorals are large, with true

rays, and form great lateral fans, which almost reach the dorsal ridge. The
ventrals appear as two small organs, in a line with the neighbouring edge

of the pectorals, on the anterior region of the prominent and smoothly-

rounded abdomen. No spine is visible above the eye. The pre-opercular

spines are longer and larger, and so with the occipital. The opercular

spine cannot be made out
;
and, indeed, the pectoral fin passes up to this

region. The eyes present no trace of the choroidal fissure.

A young specimen of what appears to be the four-horned Cottus {G.

quadi'icornis), procured on Smith Bank on the 28th June, and measuring

about 11 "8 mm., already shows many of the adult characters, and is dis-

tinguished from other Cotti by its more mature appearance, coloration,

and large dorsal fins. The two pairs of tubercles on the head are well

marked, but they form a square, the anterior pair being further removed
from the eyes than in the adult. Moreover, a small spine occurs at the

posterior and superior border of the eye, and another at the anterior.

The turbinal spines are present. Four pre-opercular spines are evident.

The pectorals are large, and extend considerably beyond the vent. The
ventrals are small, only reaching to the second inferior rays of the

pectorals. The head is greyish brown (in spirit), and the body is

marked with deeper blotches of the same hue. Thus a broad band extends

downward from the anterior two-thirds of the first dorsal, invades and
passes beyond the base of the pectorals, and sends a spur along the middle

of the rays. Two lozenge-shaped patches depend, as it were, from the

second dorsal, but only go a little beyond the middle line. A somewhat
pale band slants downward and forward from the hypurals, which have

an almost vertical posterior border. The under surface of the snout and
abdomen are mottled with specks of the same greyish-brown hue. The
coloration thus in certain respects differs from that of the adult. A row
of very distinct cutaneous tubercles runs along each side of the dorsal fins.

8. On the Young Stages of the Weever {Trachinus).

The larval condition of the lesser weever was described in 1884 by Mr
George Brook,* who shows that, after absorption of the yolk, black pig-

ment develops on the head above, over the gut and the neurochord, as well

as in the form of a bar on the side further backward. The examples

only lived, however, about a week after hatching.

A beautiful little specimen, about 15 mm. long (in spirit), procured

* Proc. Linn. Soc, vol. xviii. p. 288.
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during the work of the ' Garland,' but having no date or locality attached

to it, though it probably was procured in autumn—to judge from the con-

dition of a Mutella accompanying it. Many of the adult characters are

now present. The body, however, is much flattened (PI. X. fig. 7). Black
pigment occurs in specks on the snout, a black spot is placed beneath

each eye, and each opercular region has the same coloration, which is con-

nected superiorly with that tinting the brain and snout. Patches of the

same pigment occur in front of the pectorals (clavicular region), and a

broad black band extends from the opercular spines rather beyond the

middle of the body, and from the dorsum as far down as the lateral line.

A few isolated specks exist on the side between the latter and the ventral

margin. The mandible is directed obliquely upward and forward. The
premaxillary margin has a well-marked notch in the centre. Five long

and strong spines guard the pre-opercular margin as in Cottus, the second

upper being the strongest. They are sheathed in skin almost to the tip,

and thus, from their conical shape, are very conspicuous. Two spines, as

in Coitus, occur on the operculum—the upper, long and powerful, directed

backward and very slightly downward, and a shorter inferior spine

slanting downward and very slightly backward, and therefore at a con-

siderable angle to the former. Two spines project just above the upper
angle of the opercular slit. No spines occur over the eyes. The pectorals

are elongate, and seem to have undergone a rotation downward, so that

the angle of the rays with the lateral line is small. So far as can be
observed, the lower agree in structure with the upper pectoral rays. The
pelvic fins stand boldly out from the prominent median keel, and their

bases are distinctly in front of the pectorals. They are comparatively

large fan-shaped fins, deeply coloured with black pigment, both dorsally

and centrally. The spine is well developed, but is sheathed in skin to

the point. The contour of the abdomen, as seen from the ventral surface,

differs much from that of the young Cottus, since it forms only a small

swelling behind the large ventrals, whereas in the latter the large tumid
abdomen is conspicuous—the pelvic fins forming minute processes at the

anterior border. Moreover, a somewhat V-shaped ma.ss of black pigment,

with the angle directed forward, occurs in the middle line immediately
behind the ventrals. The first dorsal fin is black, with the three first

spines well developed, but sheathed in skin almost to the tip. It is joined

by membrane to the second dorsal, the short spines in this part being still

covered. The second dorsal and the anal resemble those in the adult. A
young Ccdigus adheres to the anterior surface of the right pectoral.

In a specimen of T. vipera (in spirit), about 26 mm. long, the chief

changes are in the pigment and the proportionally larger size of the body.
The pigment now has a tendency to form rows of spots along the sides.

The two opercular spines are still prominent and sharp, and five long

pre-opercular spines are conspicuous, the median being slightly curved as

well as longest. At least three spines occur above the opercular slit.

In another example belonging to the same species, and measuring
34 mm. in spirit, the small black-pigment specks still form rows along

the sides. A single opercular spine, the upper and larger, is now
present, and the pre-opercular spines are shorter—indeed, on one side

four only can be made out. The pectorals and ventrals are proportion-

ally large.

It is interesting that in the earlier stages Cottus and Trachinus should
have so many features in common in regard to the armature of the head
and the general shape.

Couch"^ describes a young example of what he considers to be the
* Vol. ii. p. 46.
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greater weever, measuring only ^ of an inch in length, and captured with

a drift-net in August. The opercular spine was not yet nouch developed,

and the same may be said of those at the anterior superior angles of the

orbit. Pigment occurred on the head and anterior portions of the body,

diminishing towards the posterior region, which was translucent. ' The
' lower half of the pectoral lins have colour, but the upper portion devoid
* of it. Two or three rays on the inner portion of the ventral fins are
' black.'

Eggs of the lesser weever occur in St Andrews Bay in April, May, and
June, and last year Mr Holt procured one in July, so that, as usual, the

spawning period is somewhat extended. Mr Holt found them in con-

siderable numbers at the surface in the western bays of Ireland in June
and July, and gives good descriptions and drawings up to the early

post-larval stage. *

9. On the Young Stages op the Gunnel (Centronotus gunneUus, L.).

In the Researches^ the young gunnel was followed from the egg up to

the fifth week. Moreover, in the Annals of Natural History for August
1890, an older stage, measuring 35*5 mm., was described. In the tow-

nets during April an intermediate stage (17 mm. in length), which may
readily at first sight be confounded with the sand-eel, is not uncommon.
It is a translucent young fish, somewhat deeper in the body than the sand-

eel, though it resembles it in regard to the lustrous green of the eyes when
seen from the dorsum, and their silvery aspect in lateral view. Vent-

rally, a line of black chromatophores commences at the two black spots

between the pectorals and runs to the anus, whence, as in the younger
forms, it is continued to the tail. One or two black pigment-specks occur

on the throat in front of the pectorals. The caudal has indications of

about eleven true rays inferiorly, besides embryonic rays superiorly and

inferiorly. Three hypurals are evident. The clavicle is a well-developed

rod, and the branchiae present a series of short, simple papillae. The marginal

fin has embryonic rays, both dorsally and ventrally, toward the caudal

region
;
and, indeed, they can be traced as faintly-marked lines far forward.

The pectorals show traces of rays. The mandible moves slightly, and has

still the downward projection seen in the oldest stages figured in the

Researches.^ The muscular gullet shows only a median slit, then the

stomach, which extends to the posterior border of the liver, is marked
by longitudinal rugae, after which a more irregularly rugose region

follows ; but by and by posteriorly the rugae become regularly transverse

as far as the rectal region, where again the rugae are somewhat irregular.

A constriction indicates the commencement of the rectum. The intestine

was dull yellowish, and contained masses—apparently of the long bristles

of the larvae of Nerine—so abundant in the bottom water at this period.

As the gunnel increases in age the body becomes deeper, soft rays

appear in the dorsal and anal fins, a double row (closely-approximated

pairs) of black pigment-specks is found at the base of the anal fin, and
the single row on the abdomen diminishes in length. At 20 mm. the

minute ventrals are visible. The post-larval condition of the head seems
only to disappear when the ventral pigment vanishes anteriorly, and the

spines of the fins become rigid.

* Trans. Roy. Dub. Soc. , vol. iv, , ser. ii.
,
pis. xlvii. xlviii. xlix. and 1.

t Trans. Boy. Soc. Edin., p. 869.

X PI. xiii. fig. 7.
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10. On the Developmext of the Lemon Dab (Pleuronedes microcephalus).

The pelagic ova of this species first came under scientific observation in

August 1884, when ripe females were procured off the Forth in the trawling

expeditions in connection with H.M. Trawling Commission. Consider-

able latitude, however, must be given in regard to the spawning period,

since in the south it is very much earlier than in the north. Thus Couch''^

states :
—

' It is prepared for spawning early in February, and appears to

' be amongst the most prolific of flat fishes, the lobes of the roe being
* large, and extending back from the small abdominal cavity, compressed
' but wide, almost to the tail.' Parnell,t again, observes:—'They shed
* their spawn some time during the month of April, after which they retire

' to rocky ground, where they generally remain till the commencement of the
* following year.' He thiTs connected the fish with a migratory instinct

during the spawning season. Day gives May and June as the spawning
period ; also adding that Thompson (Ireland) found one in roe in March,

the precise condition of the ova, however, not being stated. At Plymouth
Cunningham found the pelagic eggs in March, April, and May. % He readily

hatched them in 1888 in ordinary vessels of sea water (just as the ova of

the cod and many other forms were developed during the trawling expedi-

tions), and the larvse lived about five days. He estimates the diameter of

the egg at 1'36 to 1*44 mm., and describes the zona (his vitelline mem-
brane) as showing ' a number of fine raised ridges, forming two systems
* of parallel lines, which cross one another diagonally.' He gives the

development of the embryo and the extrusion of the larvse on the 7th, or

early on the 8th day, in April, as well as the changes up to the 4th day.

In the Researches § a figure of the zona is given.

Professor Ewart and Dr Fulton give a report on the examination of 617
examples in regard to maturity, and conclude that this species spawns
chiefly, and in the ofl'shore waters, in June.

Mr Holt had frequent opportunities in the expedition off the West
Coast of Ireland last year of observing ripe fishes and their ova, as well as

at the St Andrews Laboratory ; and he gives a careful account of the

structure of the zona.||

At St Andrews the ova have frequently been under observation. Thus,

besides occurring in tow-nets, a large jar of the ripe eggs in sea water was
forwarded by Captain Burn from one of his ships in May 1886, and
again subsequently; while last year (1890) Dr Fulton arranged with Mr
Scott, Mr Murray of Newhaven, and various fishery officers for several

supplies of ripe eggs, which were safely transported to the laboratory,

where they were readily hatched.

The first series of living ova was received on the 9th July, having been
fertilised at 8 p.m. on the 8th July. The second series was fertilised at

7 A.M. on the 9th July, and received the same day. The third series was
fertilised at sea on the 11th July, and received at 3 p.m. on the 12th.

H

All were in good condition, and the number in each case was considerable.

The eggs of the lemon dab are comparatively small when contrasted

with those of the plaice, being, as shown in the Researches, '053 in., and
thus are somewhat less than the eggs of the gurnard. They have the

* Vol. iii. p. 187.

t Fishes of the Forth, p. 367, 1837.

X Jour. Mar. Biol. Assoc., ser. i., N, S. No. I., p. 13, March 1889.

§ Researches, pi. i. fig. 18.

II
Trans. Roy. Bub. Soc, vol. iv., new ser., p. 453, pi. xlviii. figs. 19-21

;
pi. 1.

fig. 39.

H A fourth series was sent by the master of the traAvler * Shamrock' on 14th July.
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ordinary character of pelagic ova, with, in addition, a slight sheen like

those of the plaice, a feature probably due to the peculiar structure of the

surface and the thickness of the capsule. When closely inspected, the

zona radiata is minutely wrinkled, the ridges interdigitating with each

other in a complex manner, somewhat like irregular basket-work (PI. X.

fig. 1). In those best marked a main series of interlacing ridges, generally

running obliquely into each other, is evident, the interspaces being

filled up with subordinate ridges which thus somewhat closely stud the

entire surface. When compressed and viewed under a high power (PI. X.

fig. 2), the stratum shows a somewhat irregular reticulation of pale streaks

on the minutely punctured surface."^ The same appearance is described

by Mr Holt f in his recent valuable paper. He states :
—

' Examination of

* the zona in the living egg (fig. 21) certainly gives the impression de-

' scribed by Cunningham, but if it is ruptured and flattened out, it is seen
* (fig. 20) that the markings are extremely irregular. There are certainly

' two general systems of parallel lines, but these lines are by no means
* continuous, frequently ending blindly, converging and diverging or bend-
* ing abruptly to continue their course at a different level. Seen from
* above, the markings appear as a line to which the thickly-set punctures
* of the rest of the zona do not extend. By tracing the lines to a point
' where the zona is doubled over so as to present an optical section, it is

* clearly seen that they are not ridges at all, but sharp grooves indenting
' the surface of the zona from about a quarter to a half of its thickness,

* according to the size of the lines, which are of varying widths. In some
* instances the sides of the grooves are very slightly raised above the
' general surface-level. 'J

The zona in this species is comparatively thick, and the development of

the embryo, though visible, is not seen with that perfection of definition

characteristic of the more transparent forms. During development the

wrinkled surface somewhat resembles morocco leather.

9th July. To illustrate the development the first series will be taken

—viz., those fertilised at 8 p.m. on the 8th July. The details of the

development of the organs it is unnecessary to give, since they difter

little from those of other forms fully mentioned in the Researclies. At
1 P.M. on the 9th they were in the multicelled condition, the blastodisc

being composed of minute cells. These spheres or cells, on the completion

of segmentation, were elevated, so that the whole surface was botryoidai.

In many, moreover, the margin of the periblast is raised into little proto-

plasmic elevations containing nuclei—these elevations occasionally forming

more than one row.

10th July. At 1 P.M. on the 10th, the blastoderm fills the circle

(looking down on the egg from above).

11th July, 5 P.M. Embryo fully outlined—with the optic vesicles,

Kupffer's vesicle, and a considerable number of protovertebrse. Some
hours previously the neurenteric canal ran right into Kupffer's vesicle.

12th July. Precursors of pigment-specks in the form of small

granules have appeared along the trunk, but no pigment is absolutely

visible either under lens or microscope. Cunningham observes that
* the first development of pigment appeared as black dots on the sides
* of the embryo ' on the 4th day.

13th July. The pale processes of yesterday, on the head, body,

and tail, are now tinted of a gamboge-yellow by transmittted light.

* M'Intosh and Prince, pi. i. lig. 18.

t 'On the Eggs and Larvae of Toleosteans, ' Trans. Roy. Duh. Soc, vol. iv., ser.

it., p. 453, pis. xlviii. and xlix,

t Ibid., p. 453,
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Moreover, some appear on the surface of the yolk-sac. The heart

pulsates. The free portion of the tail is considerable.

14th July. The heart (which forms a transverse tube) exhibits more

active pulsations. Only yellowish chromatophores are yet visible on the

trunk and yolk-sac, though one or two along the lateral region seem to be

blackish (PI. X. fig. 4). Under a lens the posterior region of the trunk

and the caudal region have a median band of yellow pigment-grains, as

well as a lateral line on each side, the latter being traced forward to the

head.* The skin of the broad tail is minutely papillose or vesicular.

Two escaped to-day from the capsule, i.e., towards the end of the

6th day.

15th July. Many have escaped to-day (PI. X. fig. 5), the laiva having

the length of about 3*5 to 4 mm. It is distinguished by the great length

of the yolk-sac in proportion to its depth, and by the peculiar curvature of

the head from above downward and forward. A considerable number of

dull gamboge-yellow pigment-grains occur along the edge of both dorsfil and
ventral marginal fins—dorsally from the head to the tail, though not

quite to the end of the latter, a portion being pale
;
ventrally from the

anus as far as a vertical line from the dorsal granules, and thus the series is

short. The head and trunk are faintly yellowish from minute specks of

the same pigment, and many occur on the yolk-sac. Under a moderate

power very finely ramose black pigment is observed in connection with

the yellow, and between and in the intermediate spaces on body, fin, and
yolk-sac. The yellow pigment is not bright

;
indeed, in the egg it appears

a dull greenish yellow {vide PI. X. fig. 4). Cunningham's examples hatched

on the 7th or 8th day in April, so that those at St Andrews escaped some-

what earlier, as might have been expected from the temperature in July.

During the next day or two (the 16th July) the young fishes show
under a lens some touches of greenish yellow on the trunk behind the

head (PL XI. fig. 1). Besides these are others on the marginal fin, the

yolk-sac, and the head. The yolk-sac has now considerably diminished,

and they swim on edge.

On the 1 8th the pigment of the marginal fin is light yellow, while that

of the trunk is dull greenish-yellow (probably from a greater development
of black). The yolk forms but a small patch in front of the rectum

(PI. XI. fig. 2). The eyes are silvery, and the fishes are active and sensi-

tive. When swimming on edge, the larval fish, when viewed from above,

is attenuate (PI. XI. fig. 3).

19th July. The yellowish pigment in the marginal fin is even in

greater contrast to the pigment on the body, which is now duskier

from the development of black pigment over the yellow. To-day the

last remnant of the yolk is a small round globule in front of the

rectum, and it may be noted that in several a small vesicle resembling

an oil-globule appeared in the middle of the diminishing yolk-mass.

The branchiae are fairly formed, and the mouth gapes—without, how-
ever, any movement of the jaws. A communication seems to be estab-

lished between the mouth and the gullet. The otocysts almost touch

the eyes. The liver forms a considerable mass in the anterior region of

the abdomen. The pectorals are large and fan-like, and in swimming
vibrate with great rapidity, while the head is often directed downward
so as to reach the bottom of the vessel—as in the plaice. The marginal

fin remains deep as in the pleuronectids generally. Five dark greenish-

yellow spots occur, viz., the patch at the pectoral, one at the gut,

and three at the region behind the vent. The species, however, is not

* The yellow pigment eeems the more prominent in these, the black in

Cunningham's.
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readily seen in the water. The appearance of the early post-larval form
is shown on Plate XL fig. 4.

23rd July. At this date the marginal fin still shows very bright

(canary yellow) touches of pigment; dark pigment, however, has

invaded the outer half of each spot, and occasionally the black pigment

generally is more fully developed. In some, the posterior touches of

pigment have moved inwards towards the muscle-plates, but this may
be individual variation. The five bars on the body are still diagnostic,

and a stellate black corpuscle often appears at the base of each pectoral.

The pectorals show a somewhat symmetrical series of fine embryonic

rays, with distinct intervals. The jaws are motionless, but widely open
;

the gall bladder is conspicuous. The olfactory organ is less distinct than

usual. The anus is open, and has probably been so for some time.

No blood-corpuscles are yet visible in the heart
;
Cunningham, how-

ever, saw pale corpuscles on the 4th day. They swim with the head
downward as before, and occasionally rest on the side at the bottom.

The marginal fin is of great proportional depth, while behind the head

a ' bite ' or incurvation ventrally is marked.

26th July. All perished. The best examples exhibited a row of

pigment-specks (which became very conspicuous after immersion in spirit)

along the ventral edge of the abdomen and the clavicle; and the cartilages

of the jaws and hyoid apparatus have made great progress. The
length of the larva on the 4th day is as Cunningham says, about
4*6 mm.

In the Researches certain young forms, not unfrequently found in

deep water, were associated, from their extreme thinness, with the witch

{Pleuronectes ct/noglossus), though of course absolute proof, as in many
other cases, has not yet been obtained. They agree in regard to the

number and position of the pigment-spots with young examples of

the witch about If in. long, which were procured by the trawling

expedition under Mr Green and Dr Haddon off the West Coast of

Ireland, and which will probably soon be described and figured by Mr
Holt in his account of the young fishes then obtained. The post-

larval lemon-dab is probably very similar to the foregoing; indeed, the

older stage there figured (PL XVIII. fig. 9) resembles the lemon-dab

very closely, and from subsequent observations the young witch at that

stage is probably more elongate. The four or five large isolated patches

of pigment, and the general shape of the body, lead on to the example
25 mm. in length procured since last report, and the description of

which follows :—A specimen 25 mm. long, procured at the surface in the

'Garland,' 7th May 1890, the Bass, W. by N., 10 miles (PI. XI. fig. 7.)

At this stage it is distinguished from the dab by the less elliptical

outline, the body being thick and somewhat blunt anteriorly, and
less tapered posteriorly. The eyes are smaller, the head more rounded,

and the mouth less. The right side, instead of the minutely speckled

condition of the dab of the same or even a less size, shows traces of

four distinct marginal touches dorsally, with a minute fifth in front.

Yentrally are corresponding marginal touches, the fifth being at the

ventral, fins, while in front of these are one or two additional specks

on the edge of the throat and snout. On the left side, traces of similar

touches yet remain, but they are much less distinct. The left eye is

prominent on the ridge. A young Caligus (PI. XI. fig. 7a) is attached on

the right side near the tail.

Of the later stages in the development of the lemon dab, the following

are arranged according to the months in which they were procured.

The younger stages, i.e., between the example just mentioned (viz..
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1 inch) and 5 inches, do not seem to be common in inshore waters.

January, 6 in.
;
February, Cf and 10| in.

;
April, 6| in.

;
May, 7, 7J,

and 8| in.
;

July, 6 and 9 in.
;

August, 5|, 51, 6, 6J, 6|, 8J, 91,

9f in.

The lemon-dab is thus a very hardy form, living in the tanks under

great disadvantages for ten or twelve days. This is further shown by

the fact that a series placed in one of the glass cells (2 in. diam. x J in.

deep) lived about six days, the only care taken being to add sea water to

make up for the evaporation of that in the vessel.

While it can be shown that there is little difficulty in hatching and pre-

serving for a considerable time such young fishes under artificial circum-

stances, it is a question whether expense would nob be saved by simply

fertilising on a large scale, and placing the eggs in the bays where opera-

tions were to be carried out. Under no artificial circumstances can the

surroundings of such forms be so favourable as in the sea itself, whether

we regard temperature, freedom from noxious impurities, and, most

important of all, the obtaining of suitable nourishment on the absorp-

tion of the yolk-sac.

The adult fish is a comparatively valuable one, and in certain parts of

the East Coast, as at St Andrews, is by no means common. The younger

forms are, it is true, not unfrequently caught in the bay, but the adults

haunt the grounds near the Bell Rock. A dozen may be caught on a

single line baited with mussel in a night, while for months none will

occur. Parnell states it is thought to be unwholesome in April, May, and

June, but does not seem to connect this condition with the spawning

season. No indication of this has been observed.

11. On the Eggs and Early Stages of the Sand-Eels.

For several years considerable attention has been paid at St Andrews
to the reproduction of the sand-eel {Ammodytes tohianas). Similar inves-

tigations were carried out elsewhere by the late esteemed Mr Duncan
Matthews; and lately Mr W. L. Calderwood examined many at St

Andrews without meeting with any having advanced ovaries.

The eggs and larval forms of sand-eels, indeed, have hitherto for the

most part escaped observation, and it would appear that there is some-

thing peculiar in the habits of the adults and in the deposition of the

ova. The latter have never been captured in the tow-nets, though these

have often swept the bottom. They have also escaped notice in the

dredge used on sandy ground, and in digging for the adults in the sand

at extreme low water.

Day observes that he found the ovaries of Ammodytes lanceolatus con-

siderably developed in August, and concluded it spawns in autumn and
winter. The reproductive organs of A. tohlanus were found by the same
author far advanced in August and September, and he mentions that

Thompson found some ready to deposit their spawn at the end of July

;

but he remarks that in some places they do so during the winter. ' Couch
* considered the end of December the most common period ; so probably
' they continue spawning through the last few months of the year, dependent
* on the temperature, becoming very poor in winter after breeding.' The
words of Couch are :

' It is in this retreat, concealed and sheltered with
* the sand of the shore, that this launce {A. tohianus) sheds its roe, the
* grains being scattered as it passes on ; and in the west of the kingdom, at
* least, this process is accomplished at about the shortest days of the year.'

Mobius and Heincke give the spawning season of A. lanceolatus^ according
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to Bloch, in May, and mention that Malm found a female with enlarged

ova in June.

At St Andrews in May and June many examples of Ammodytes
tobianus, not always the largest, have the ovaries well developed, but not

a single ripe specimen has hitherto been procured either by digging or

other method of capture. Ripe males, however, have often been obtained,

and, as in other groups, some of these have been comparatively small.

The spawning forms, therefore, would not appear to remain in the sand

near low water, though, on the other hand, it is not yet known that they

assume a more or less pelagic existence at this period.

By the aid of the Fishery Board this spring additional facilities have

been afforded for the examination of both species, chiefly from the seine-

nets at Elie. Of about a dozen examples of A. lanceokUus the longest

specimen was a male (1 ft. f in.), while the longest female was llf in.

The ovaries and testes were well developed, and some were ripe. The
organs are so closely applied as to appear connate, the respective sides,

however, being separated by a deep furrow. The larger developing (not

ripe) eggs in each case were all about the same stage of advancement,

though small ova occur here and there. The capsule (zona) is tough,

and contains, besides the nucleus (PI. XIII. fig. 6), the minutely granular

yolk, which has a series of small, deep, greenish-yellow oil-globules scat-

tered through it. An advanced specimen was kindly forwarded by Dr
Fulton from Elie on the 20th May, and others were sent by the chief

officer of the coastguard subsequently. In these the ripe eggs formed a

continuous line on each side ventrally from the anterior to the posterior

end of the ovary. Moreover, in a few a group of ripe eggs lay near the

reproductive aperture, and one or two occasionally escaped externally.

When such eggs as appeared to be ripe were removed and placed in a

vessel of sea-water they adhered to the bottom, so that the vessel could

be swung about vathout detaching them. They are not, however, very

firmly fixed, since they can be detached with the point of a pipette.

They adhere in the same manner to forceps or a slide. In water they do
not often adhi re to each other, but when placed in contact they stick, though

not strongly. The average size of the larger ova was about '7620 mm., the

oil-globule being about '1950 mm. Each (PI. XIII. fig. 7) had a thick

capsule, which may be divided into an external and an internal lamina. The
outer surface is minutely areolated or papillose all over, the papillae being

well seen as a distinct border at a fold of the zona (PI. XIII. fig. 14). In

some parts the minutely complex folds resemble those of a microscopic

Meandrina. The nature of this outer layer is doubtful. It can be easily

abraded from prominent folds of the egg, leaving the smooth and glistening

zona beneath. Within is the finely perforate and hyaline inner layer,

which by special focussing presents the appearance of finely crossed lines

or rows of dots. The micropyle is very distinctly marked as a deep pit sur-

rounded by a radiate series of furrows. Moreover, instead of the numerous
scattered greenish-yellow oil-globules, all had now (i.e., in the ripe egg)

coalesced into a single conspicuous one of the same characteristic hue.

Many eggs had reached maturity, and it may now be stated that the larger

sand-eel deposits an ovum with a large greenish-yellow oil-globule probably

in June and July, and it is interesting that this is corroborated by the

fishermen at Elie, who state that they are fully ripe ('running') in the

middle of June. None of the young sand-eels captured at St Andrews
show the deep greenish-yellow tint in the oil-globule, so that, unless con-

siderable change occurs, in all probability they belong chiefly to A. tobianus.

At the same period the most advanced examples of the lesser sand-eel

(A. tobianus) present considerably smaller ova (PI. XIII. fig. 8) than the
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foregoing, the ovaries, however, having a similar structure. The capsule

(zona radiata) encloses a minutely granular yolk, no special oil-globules

being yet visible. In all probability the latter subsequently become dis-

tinct, as in the former species, and then coalesce into a single large

globule, which is so conspicuous in the larval sand-eel. In this species

the oil-globule in the larva, so far as the diagnosis at present goes, is

comparatively pale.

In the Trawling Keport (1884) some attention was paid to the young
sand-eels, and a more detailed account of the various stages from 6 to 7 mm.
in length to the form of the adult, was given in the Researches by the

author and Professor Prince. The majority of the earlier stages, however,

had been described from spirit-preparations, or from dead specimens in

the net. Further observations during the past year have tended to clear

up some obscure points in the life-history of this species, and show the

connection between it and certain larval and post-larval forms whose
identity could not hitherto be established.

In the paper referred to, after describing the various stages of the sand-

eel, two unknown larval forms, I) and G, are mentioned. These are

captured in large numbers every year about the beginning of March, and
since, during several seasons, the nets have been frequently at vrork before

their appearance, it is clear that if such had sprung from a pelagic egg it

would have been captured in greater or less numbers. Further, these larval

forms appear somewhat abruptly in great numbers, the bottom nets captur-

ing them in hundreds ; and as they measure about 5 or 6 mm., and have

very little yolk as a rule, they would seem to spring from demersal eggs.

In size they are somewhat less than the herring when newly hatched, while

the position of the vent and the occurrence of a large oil-globule, often sur-

rounded by a protoplasmic investment, in the yolk are diagnostic (Plate

XIIL fig. 9). In no instance has one with a large yolk been captured,

so that either this is small at first and rapidly absorbed, or the larvse

have been carried some distance by currents. The duration of the

embryonic development of the sand-eel is yet unknown, but it would
appear that the majority of the specimens of A. tohianus examined
could not be ready to spawn for a considerable period after the end of

May. How then is the gap to be filled up between this period and the

appearance of the multitudes of young in March ? The frequent use of

the bottom trawl-like tow-net fixes the date of the first appearance of the

larvae with tolerable certainty, and further shows that they by-and-by

diminish in number, only a very few being procured towards the end of

May. The difficulty would be obviated if it were found that these sand-

eels did not spawn, or that their spawning period was prolonged till late

in the year, e.g., in December or January, and that the egg developed

slowly after deposition. The yolk is faintly granular, and in some the oil-

globule diminishes to a speck before it disappears. In others the yolk is

absorbed and the oil-globule left. This appears to be the case in the form
termed Gf, which in other respects agrees with DJ. As these larvae get

older the vent reaches the border, and the double line of pigment, i.e., one
on each side, distinguishes them from the gunnel, which has certain

resemblances to the sand-eel at this stage (after absorption of the yolk).

As formerly mentioned, a single line of pigment stretches from the

pectorals a short distance backward in the middle line, and then a double

series of very distinct black chromatophores pass on each side of the gut to

the anus. Behind the latter a single median line of black chromatophores

\
* Trans. Boy. Soc. Min., pp. 860, 861.

t Op. cit., pi. viii. fig. 1.

X ' Pelagic Fauna,' &c., 1889, pi. iii. fig. 8, and pi. iv. figs. 2, 3, 4.
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extends to the base of the tail. The mouth at first is motionless, though
widely open. The eyes have a bright greenish lustre dorsally, but this

disappears after death
;
laterally, they have a silvery sheen. The auditory

capsules are large, and close to the eyes. A greenish colour appears in

the intestine of many, both in those with and without an oil-globule.

In certain of the subsequent stages the young sand-eel somewhat re-

sembles the young gunnel, but, independently of the greater depth of the

body and the development of the pelvic fins in the latter, the ventral

pigment of the two is different, and the shape of the head, the ventral

skin-folds of the sand-eel, as well as the long dorsal fin, aid in differentia-

tion. At the length of 35 mm. hardly a trace of pigment occurs on the

abdominal surface as far back as the anus. Each ray of the anal has a

pair of black pigment-specks. On the other hand, on the dorsum and the

lateral line numerous chromatophores occur. It will thus be seen that

the conspicuous abdominal rows of chromatophores are larval, and dis-

appear during growth.

12. List of some of the Pelagic Ova, Larvve, and Young Fishes,

OBTAINED BY THE ' GaELAND ' IN 1890 AND 1891.*

This year the collections of the pelagic ova have increased considerably

in number and variety, and, moreover, at certain stations large numbers
have been captured, as in former special expeditions. They denote,

indeed, skilful and continuous use of the tow-nets at surface and bottom,

and reflect credit on Mr Scott, F.L.S., the naturalist employed on board
the ' Garland.' A special feature on this occasion is the collection made
by Mr W. Anderson Smith and Dr Fullarton in the Clyde, and which
forms a useful comparison with those made off the east coast of Scotland.

Considerable difficulty is experienced in diagnosing these preserved

ova, especially as the fluids or the strength of the fluids vary according

to the opinions or convenience of the collector. As formerly stated,!

the diagnosis cannot be held as certain in all cases, yet in doubtful

instances comparison has been made as far as possible with eggs removed
from the parent fish.

Amongst the pelagic eggs usually procured and preserved by the various

methods now adopted, those of the long rough dab exceed in size those

of most forms, and besides are characterised by the large perivitelline

space. The plaice comes next, with its comparatively abundant ova.

Two with oil-globules succeed it, viz., those of the brill and the grey gurnard,

the slightly smoky hue of the oil-globule in the latter being a noteworthy
feature. The lemon-dab, the bib, the cod, and the pollack follow in

order, with the ripe ovarian eggs of Miiller's top-knot. The ling with its

oil-globule, and the translucent egg of the sprat are next in order, while

the whiting and the poorcod approach them. The egg of the turbot with

its oil-globule is followed by that of the three-bearded rockling, and then

come several without an oil-globule, viz., the flounder, the dab, and the

dragonet. The smallest series, generally of two sizes, and furnished

with oil-globules, is that of the rocklings.

In the collection made in the Clyde, the most interesting features are

the occurrence of the eggs of the witch or pole-flounder, the variegated

sole (?), and the little sole, of a mullet-like species, and the frequence of

* In preserving pelagic eggs of fishes, it is very necessary to adopt a uniform
method, the same preserving fluid of a given strength, for instance, being used in

each case, so that, as far as possible, an equivalent amount of contraction may
ensue. The resemblances of many are so close that much aid is obtained from the
comparative sizes in discriminating them.

t Eighth Annual Report, part iii. p. 284.
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the eggs of the dragonet. Amongst the young lishes the presence of

bimaculated suckers is noteworthy, as also is the young conger {Lejpto-

rephalus). The former, however, are found in the collections from the

Moray Firth, and in previous years similar young congers have been

procured in St Andrews Bay. They are, nevertheless, rare on the east

coast, and probably come from deep water offshore. In regard to the

arrangement of pigment and other points, these agree with the so-called

HelmichtJiys of the Mediterranean, some of the latter, however, having a

shorter snout.

In a general description like the present the proportion of the ova may
be indicated by the teeth of Ross's eye-piece micrometer. Thus the eggs

of the long rough dab cover about 24 of these spaces, or in spirit from

21 to 22 ; those of the plaice from 18 to 21*5. The brill and the gurnard,

both with oil- globules, then follow, the former covering in spirit from

16 to 16*5 notches, the latter in spirit from 16 to 17. The lemon-dab

when fresh occupies 16 '5, and in spirit 15 '5 spaces. AVhen fresh the

pollack covers 14.

It is probable that the eggs of the pollack, as well as those of the green

cod, occur in the collections, the former, according to Mr Holt, who has

had an opportunity of observing them off the west coast of Ireland, being

about the size of those of the cod.

Certain kinds of eggs characterise the early part of the season, which
begins, generally speaking, in January, while others are only found con-

siderably later. Fishes that externally resemble each other, moreover,

may have widely separated spawning periods. This is seen, for instance,

in the bib and the poorcod (which Mobius and Heincke regard as

varieties of one species), the former spawning early in the year, the latter

•in summer on the eastern shores.

I. Clyde.

July 2, 1890. Eggs of sprat. Eggs of witch {P. cynoglosms). Eggs
of Motella-WkQ form. Egg of dragonet, young dragonets.

MooNiN Bay.—21st June 1890. Egg of gurnard. Eggs of turbot.

Ova of dragonet, two sizes.

'Ovum of Fish, Lochindal, 27th June 1890,' ova of gurnard.

Station XII.—2nd July 1890. Ova of gurnard. Ovum of dragonet,

unknown small egg, "0255 in. C?) ;
eggs of rockling.

Station IL—3rd July 1890. Surface. Ovum of gurnard (some-
what less than usual). Ova of rockling with advanced embryo. Ova
of sprat in early stage. Eggs of mullet-like species, advanced, -0345 in.

Station VI.—4th July 1890. Surface. Eggs of sprat, dragonet,

rockling, two kinds ('0225 to "0255 in.).

Station I.—4th July. Surface. Eggs of gurnard as before. Eggs
of variegated sole {Solea variegata), -039 in. Eggs of dab, flounder,

rockling, two sizes as before, unknown small egg, '0255 in. Eggs of

dragonet and turbot.

Station X.—4th July 1890. Surface. Egg of gurnard, rockling,

two sizes as before. Many eggs of turbot in a granular condition. Eggs,
•0264 to '0279 in., near those of dab.

Station VII.—10th July 1890. Surface. Large number of eggs
with oil-globule, -0375 to ^042 in., near ling

;
oil-globule, '033 and

•036 in. Egg of dragonet.

Ibid. Bottom. Two young gobies, 4 to 5 mm.
Station VIII.—10th July 1890. Bottom. Considerable number

of eggs of turbot.

Station VIII.—10th July 1890. Surface. Eggs with oil-globule,
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•039 to -0435 in., as before. Eggs of ling. Eggs of dab, some of '033 in.

with botryoidal blastoderm (pleuronectid 1).

Station IX.—Bottom. Motella-\\ke post-larval form, 4 to 5 mm.
Cottiis-\\\iQ with black pigment on head and tail.

Larval form with four large oil-globules, which, however, may have been

caused by rupture of single globule (? pleuronectid with single oil-globule).

No locality, no date. Eggs of dragonet, rockling, dab-like, though
smaller, "027 in., and another, -0255 in.

Eggs of dragonet, little sole
C^),

"024 in., rockling, witch, '0285 in.,

with accompanying larva
;
young dragonets.

No date no locality. Young gobies about 5 '5 mm.
;
young rockling,

5*8 mm., with long ventrals.

27 fathoms. Larvse of bimaculated sucker, with oil-globules in yolk,

and a considerable amount of black pigment in the skin.

Jura West.—26th June 1890. Trawl at 20 fathoms. Young lump-
suckers, 10 to 20 mm.

;
green cod, 42 mm.

;
young gunnels, 28 to 31

mm. ; and bimaculated suckers, 21 mm.
Loch Scridain.—June 1890. Bimaculated sucker. 46 mm.
Loch Scridain.—June 1 890. Young conger (' Leptocephalus '), 80 mm.

In this the lateral line has a row of black chromatophores of the ordinary

structure from behind the pectorals to the tail, ventrally a double row
(somewhat widely separated) of black chromatophores to the commence-
ment of the anal fin, where the rows approach each other, and have
between them a median row at the base of the fin. The dorsal comes
far forward, reaching within | in. of the tip of the snout, but still far

behind the tip of the pectorals. No black pigment-specks occur at the

base of this tin. Both anal and dorsal fins have permanent rays. The
tail resembles that of the adult. The gill-slits are almost ventral. The
eye is larger than in the common eel of the same size, and the shape of

the body different.

11. Frith of Forth and East of May Island.

Station VII.—Bottom, 15th April 1890. Larval cod and pleuro-

nectids. Herring, 14 mm.; pleuronectids, 8 '2 mm., left eye advanced and
appearing on ridge. Montagu's sucker, 10*5 mm.

Cross-Section I.—14 fathoms, 18th April 1890. Young cod, 5 mm.

;

young sand-eels, 14 to 16 mm.
;
post-larval flounders, 7 to 8*5 mm.

;
post-

larval Montagu's sucker, 4*5 mm.
Station I.—Bottom, 18th April 1890. Larval cod, 4 mm.

;
young

sand-eel, 8*5 mm.
;
Montagu's sucker, 4 mm.

;
post-larval Cotius, 6 mm.

Attached to a fold of the intestine of a ripe female gurnard at this

Station, on the 15th April 1891, were a number of baccate structures

about the size of " six " or " seven " shot. These were formed of layer upon
layer of glistening membranous tissue, surrounding minute parasitic ova.

In one of the larger masses a minute Ascaris was present, so that in all

probability the ova are connected with this form.

Station IX.—Surface, 24th April 1890. Ova of cod and haddock in

considerable numbers
;
many eggs of long rongh dab, with embryo well

developed
;
eggs of bib, plaice, whiting, sprat, dab, and others.

Station V.—Surface, 25th April 1890. Eggs of rockling—two sizes

as before
;
egg of gurnard

;
eggs of sprat.

Station Vllf.— Bottom-net, 26th April 1890. Pleuronectid, 11 mm.
(probably plaice), with eye on ridge.

West of the Island of May.—Surface, 29th April 1890. Young
Cotti, 7 to 9*5 mm.
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Station VII.—Surface, 9th May 1890. Young flounders, apparently

about 12 mm. (pulpy).

Station I.—Sui*face, 12th May 1890. Macerated fragments of young
Montagu's sucker, clupeoids, c^c.

Station VII.—Bottom, 21st June 1890. Larval pleuronectid (dried),

8 mm.
;
young dragonet, 4 mm.

;
young Montagu's sucker, 5 to 8 mm.

;

young Ciitti, 6 to 7 mm.
;
young gobies, 5 to 12 mm.

Station VI.—Bottom, 31st July 1890. Numerous young gobies, 4*5

to 8 5 mm.
;
young rockling with large pelvic fins (black), 3 mm. ; Mon-

tagu's sucker, 6 mm.
Station VIII. and IX.—Bottom, 5th August 1890. Post-larval

pleuronectid (huff coloured), 6 mm. ; older stage of the same with the eye

on the ridge, 7*5 mm.
;
Montagu's sucker, 6 to 6*8 mm.

;
young gobies,

4*3 to 5 mm.
Station IX.—Bottom, 4th September 1890. Post-larval herrings, 9 to

13 mm.
;
post-larval flounder (witch), 8*2 mm., with eye appearing on

ridge; post-larval gobies, 6 mm.
;
post-larval dragonet, 7*5 mm.

Station VII.—Bottom and .surface-nets, 14th October 1890. Elon-

gated pleuronectid (witch), 8 mm.
;
young herring, 15 mm.

;
rockling,

4 '5 mm., with long ventrals.

Station IX.—Surface, 14th October 1890. Unknown pelagic eggs,

'0375 in., containing advanced embryo with black pigment.

Station II.—Bottom and surface, 15th October 1890. Young clu-

peoids, 18 mm.; pleuronectids, 11 mm., eye appearing on ridge; young
gobies, 7 and 14 mm.

;
young dragonet, 10 mm.

Station III.—Bottom, 17th October 1890. Young clupeoids, 16 to 19

mm.
;
young gobies, 10 to 16 mm.

Bottom (shrimp-net), 20th October 1890. Poor cod, 41 and 45*8 mm.
Little gobies.

Station I.—Bottom, 18th October 1890. Young clupeoids, 1 7 to 1

9

mm.
;
young gobies, 9 to 13 mm.

No label,—Young weever (Trachinus vipera),15 mm.
;
rockling, 17 mm.

No label.—Egg of dab ; numerous eggs of recklings.

Station I.— 4th November 1890. Poor cod, 49 mm.
Station VII.— Surface-net, 5th May 1891. Ova of cod; considerable

number of bib. Two sizes of rockling; small egg without oil-globule

(•6096 to -6858 mm.), and the embrjo pigmented like a pleuronectid.

Eggs of brill, plaice, and flounder (?).

Station V.—Surface-net, 6th May 1891. Ova of cod, bib, whiting,

ling, rockling, gurnard, sprat, Miiller's top-knot, flounder, brill, and dab

;

small, without oil-globule as before.

Station V.—Bottom-net, 6th May 1891. Two young Agoni, 6 mm.
Montagu's sucker, 4 mm. Pleuronectid, 5 mm.

Station VI.—Surface-net, 6th May 1891. Ova of cod, pollack (1),

bib, rockling, plaice, and flounder. Unknown egg somewhat smaller than

that of dab.

Station II.— Surface-net, 7th May 1891. Considerable number of

eggs of sprat. Eggs of bib and recklings, dab, lemon-dab, and brill.

Station IV.—Surface-net, 9th May 1891. A number of ova, chiefly

small, mostly whiting, poor cod (?), rockling as before. Also one or two
of brill, flounder, and dab.

Forth. —13th May 1891. ' Stuff" surrounding stomach of the common
* gurnard.' A mass of degenerate and shrivelled ova, apparently fully

developed. The roe of the same specimen was about half mature and
apparently healthy. It would seem that a portion of the contents of the

ovary of last year had been retained, forming the abnormal mass around

y
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the stomach. It is interesting to note that the ovaries of this year are

well developed. An analogous condition has been observed in the cod,

in which the ova were firmly attached to the peritoneal surface of the

bod3^-wall.

Station III.—Surface-net, 19th May 1891. Ova of rockling, two
sizes, as before. Two sizes of gurnard's eggs. Ova of sprat, dragonet,

dab, turbot, and flounder.

Aberlady Bay.— Surface-net, 22nd May 1891. Large number of

eggs of cod, whiting, bib, rocklings as before, gurnard and sprat. Also

eggs of lemon-dab, turbot, and flounder, as well as the unknown small egg

without an oil-globule ("6096 to '6858 mm.).

Aberlady Bay.—Bottom-net, 22nd May 1891. Young sand-eel,

11 mm., two small rocklings (?) with black abdomen, 2-3 mm. Young
flounders with the eyes lateral, 6-9 mm.
Abeelady Bay.—Bottom-net, 22nd May 1891. Lump-sucker, 4 mm.,

and an injured sand-eel, 9 mm.
Station I.—Surface-net, 23rd May 1891. Ova of whiting, rocklings

as before, sprat, gurnard, dragonet, dab, and flounder.

Station VI.— Surface-net, 25th May 1891. Large number of ova of

whiting and poor cod. Also a few eggs of gurnard, rockling, as before,

sprat, dragonet, turbot, and flounder.

Station 11.—Surface-net, 25th May 1891. Ova of cod, bib, sprat,

dragonet, two sizes of gurnard, and rocklings as before. Also eggs of

turbot, dab, flounder, and probably brill. Several larval gurnards.

Station IY.—Bottom-net, 26th May 1891. A few eggs of gurnard,

whiting, rockling, dragonet, dab, and flounder.

Station Y.—Bottom-net, 26th May 1891. Ova of gurnard, rocklings,

as before, cod, bib, and sprat. A large number of eggs of whiting,

flounder, dab, and a few of dragonet.

Station YII.—Surface-net, 27th May 1891. Many ova of whiting,

poor cod, gurnard, sprat, and two kinds of rockling. Also one of sole and
little sole (?), ling, and turbot.

Station YII.—Bottom-net, 27th May 1891. Young flounders, eyes

lateral, 7 and 10 mm.
;
Montagu's suckers, 2*5 to 5 mm.

;
Cotti, 3 mm.

;

rockling, 3 mm.
Station Y.—Surface-net, 28th May 1891. Considerable number of

ova of whiting, rockling, two kinds as before, gurnard, dragonet, dab,

turbot, and flounder.

Station Y.—Surface-net, 28th May 1891. Young sand-eel, 15 mm.;
flounder (lemon-dab ^), 10 mm., eye just appearing over ridge; Cottus,

4 mm.
Station IX.—Surface-net, 29th May 1891. The majority were eggs

of gurnard. Considerable number of bib; rocklings as before. One
or two eggs of plaice, a few of dab and flounder, also of turbot and
dragonet.

East of Island of May.—Bottom, 28th and 30th January 1891.

Young wolf-fishes, 17 to 19 mm.
;
gunnels, 25 and 27 mm.

;
eels, 63 and

65 mm.
Station YIII.—Surface, 19th February 1891. Eggs of haddock, cod,

dab, and rockling in moderate numbers.

Section II.—Surface, 21st February 1891. Eggs of rockling, two
sizes, '6096 and "6477 mm.

Station IX.—Surface, 19th February 1891. Numerous eggs of plaice,

haddock, cod, and rockling.

Station Y.—Surface, 19th March 1891. Eggs of long rough dab,

haddock, cod, bib, dab, and plaice. Some with large perivitelline space.
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ranging between that of the haddock and tl\e ordinary size of long roqgh

dab, but probably this is due to mode of preparation.

Station V.—Bottom, 19th March 1891, Post-larval Agonus, 5 mm. :

larval Montagu's suckers, 3 mm.
Station VI.—Bottom, 21st March 1891. Jlels, 65 mm.; larval sane]-

eels, 5 to 7 mm. ; larval herrings, 10 mm.
Station VI.—Surface, 23rd March 1891. A few eggs of plaice,

swarms of eggs of rockling, eggs of dab, sprat, and long rough dab.

Near Station II. —Surface, 30th March 1891. Eggs of plaice, had-

dock, cod, bib, whiting, dab, flounder, long rough dab, and rockling.

Off Musselburgh.—Bottom, 3rd April 1891. Post-larval Agoni and
post-larval Montagu's suckers.

Station IV.—Bottom, 4th April 1891. Post-larval Agoni and post-

larval Montagu's suckers.

South Bay.—Surface, 8th April 1891. Eggs of cod, haddock, bib,

dab, long rough dab, and many of rockling.

East of Portobello.—Surface, 10th April 1891. Numerous eggs

resembling those of Motella, but about ='0285 in. or '7239 mm. These
seemed to be a feature in this collection, and probably corresponded with

those described on p. 2 {Motella tricirrata ?). A few eggs of cod, haddock
sprat, and a single egg of long rough dab.

Liston's Bank (East of Island of May).—Surface, 13th April 1891.

A vast multitude of ova, including a few plaice, a considerable number of

eggs with a large perivitelline space, and ranging from 1*2192 to P5240
mm. in picric and spirit, which may have caused considerable variation in

contraction
;
many eggs of haddock, cod, poor cod 0), whiting, sprat (i),

dab, and numerous rocklings as before.

Liston's Bank.—Surface-net, 13tli April 1891. Large number of

ova of cod, whiting, haddock, ling, rocklings as before, bib and gurnard.

Also of flounder, dab, brill, long rough dab, and plaice.

Liston's Bank.—Tow-net (I bottom), 13th April 1891. Yoang sand-

eel, 15 mm.
;

post-larval sand-eel, 9 mm.
;
post-larval Cottus, 6 mm.

Station VIL—Tow-net, 8 fathoms, 14th April 1891. Gunnels, 10
mm.

;
sand-eel, 6 mm.

;
Montagu's sucker, 3 mm.

Station VIII.—Surface, 14th April 1891. Vast numbers of the ova

of cod, a few of haddock, a few of dab, long rough dab, and many of

rockling.

Station IX.—Tow-net, 10 fathoms, 14th April 1891. Young gunnels,

8 and 10 mm.
;
young sand-eels, 5 and 10 mm.

;
post-larval Cottus,

4 mm.
Four Miles east of Island of May.—Surface-net, 11th May 1891.

Ova of bib and sprat, rockling as before in great numbers, flounder, dab,

plaice, and long rough dab.

Four Miles east of Island of May.— 10 Fathom Tow-net, 11th May
1891. Larval long rough dab (1), eyes lateral, 9 mm. Young sand-eels

7 to 12 mm. Montagu's sucker, 3 mm.; larval rockling, 3 mm. ; larval like

gunnel, 8 mm. ; larval pleuronectids, 4 to 8 mm.
Four Miles east of Island of May.—Bottom-net, 11th May 1891.

Young flounder, eyes lateral, 10 mm. ;
young Montagu's sucker, 9 mm.

;

young sand-eels 6 to 14 mm.
Twelve to seventeen Miles south-east of Island of May.—Surface-

net, 12th May 1891. A considerable number of ova, but their condition is

unsatisfactory, apparently since they have been injured by the preserva-

tive fluid. Cod, whiting, rockling os before, ling, sprat, gurnard, brill,

dab, and one of plaice.

Six to twelve Miles south-east of Island of May.— Surface-net,
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12th May 1891. Ova of cod, bib, ling, rockling, sprat, gurnard, dab, and

flounder.

Two TO SIX Miles south-east of Island of May.—10 Fathom Tow-
net, 12th May 1891. Young flounders, 9 to 12 mm.

;
young sand-eels,

8 to 21 mm.
;
young gadoids, 8 to 9 mm. Cottus, 7*5 mm.

;
rockling,

7 mm. ; and young pleuronectids, 5 mm.

III. St Andrews Bay,

Station V.—14th May 1891. Ova of whiting, rockling (large size

M. tricirrata ?), gurnard, sprat, brill, dab, and flounder.

lY. Moray Frith.

Smith Bank.—Trawl-net (second haul), 25th June 1890. Young green

cod, 43 to 55 mm ; 1 bimaculated sucker, 35 mm.
Young Gadoid, mvi-icater net, 28th June 1889. Shorter and thicker

fish than cod, with proportionally larger eye and smaller mouth. The
ventral fins are larger than those in the cod and whiting of same length

—

they indeed touch the vent. It is about 16 mm. in length. It has scattered

black pigment along the dorsum from the snout backward, that over the

brain being esj)ecially well marked. The arrangement of the pigment

along the dorsal and ventral edges resembles that in the whiting, though
dorsally there is a more distinct tendency to a double line, as seen later-

ally. The eyes are large, with a notch or black line superiorly. This

form comes near the poor cod and bib. Young gadoids, from 7 to 20
mm., chiefly wliiting; 1 young Cottus, 11*8

; 1 young gurnard, 10*5 mm.

;

2 younij turbot, 10 mm. (eye on rid^e).

Smith Bank.—Mid-water net, 28th June 1889. Young gadoids, 7 to

20 mm., chiefly whiting; young Coftns qawiricornis, 11*8 mm.; young
gurnard, 10*5 mm.

;
young turbot, 9*5 mm. (eyes lateral); young pleuro-

nectids, 10 mm.
Smith Bank.—Surface, 25th July 1890. Eggs of witch (?) whiting,

turbot (?), gadoid (?), sprat, unknown species, '042 in.
\

ihid., with scabrous

zona
;
dragonet.

Station V.—Bottom, 12th September 1890. Young clupeoids, 5 to 9

mm.; young lemon-dabs, 7 to 11 mm.; early post-larval stage of the

same, with four black pigment-specks behind the deep abdomen ; man-
dible large and upturned; eye silvery; young long rough dabs, 5 to 10

mm.
;
young dragonet, 6 mm.

;
young sucker (Lepadogader), 5 to 9

mm.
;
young gobies, 4*5 to 5 mm.

Station VI.— Bottom, 13th September 1890. Numerous young
suckers (Lepadogaster), 5 to 11 mm.; post-larval clupeoids, 8 '2 mm.;
post-larval pleuronectids (lemon sole), 8'2, 9*5, and 10*2 mm., the latter

with the eye on the ridge; young goby, 14*5 mm.; and minute post-

larval form, 2'2 mm, (rockling, injured). The most interesting feature is

the abundance of the young of Lepadogaster, which are seldom met with

near St Andrews.

V. Off Caithness.

Off Sarclet, Caithness, in the ' Southesk.' Bottom, 12th, 13th, and
14th January 1891. Eel, 65 mm.; numerous gunnels, 12 to 45 mm.;
herring, 27 mm.; unknown post-larval form (injured), 8 mm.
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VI. Off Montrose.

Off Montrose, 22 to 25 miles. Bottom, 6th and 7th February 1890.

Sand-eel, 85 mm.; gobies [G. minutus), 33 to 45 mm.

EXPLANATION OF THE PLATES.

Plate X.

Fig. 1. Surface of the capsule (zona radiata) of the egg of the lemon-dab

(or lemon ' sole '). x 21.

Fig. 2. Portion of the same more highly magnified.

Fig. 3. Edge of the periblast in a developing egg of the same species.

x52.
Fig. 4. General view of the egg of lemon-dab shortly before hatching,

15th July 1890. Fertilised on the 9th July. x 33.

Fig. 5. Larval lemon-dab of the first day. Seen somewhat obliquely.

Magnified.

Fig. 6. Very young Coitus^ about 9 mm. In spirit. Enlarged.

Fig. 7. Young weever {Trachimis vipera), about 15 mm. long, and with

the opercula in rigid expansion, as seen from the dorsum under

a lens, a, Young Caligus. Spirit preparation.

Plate XL

Fig 1. Larval lemon-dab of July 16, showing the elongation of the

yolk-sac and the arrangement of the pigment.

Fig. 2. Anterior region of an older form, with the yolk almost absorbed.

Fig. 3. View of a larval lemon-dab from beneath, exhibiting the great

elongation and comparative thinness of the body. 18th July
1890. Magnified.

Fig. 4. Early post-larval lemon-dab from eggs fertilised on the 9th July.

21st July 1890. x about 24.

Fig. 5. Larval fish of unknown egg, resembling that of a gadoid (1) e.g.,

a rockling. 23rd March 1891. x 33.

Fig. 6. Dorsal view of the head and anterior region of unknown post-

larval fish, with peculiar teeth and long pectoral fins, x about
12.

Fig. 7. Young lamon-dab, 25 mm. long. The preparation is somewhat
injured, and the pigment removed from the fins, a, Young
Caligus. Somewhat enlarged under a lens.

Plate XIL

Fig. 1. Unknown egg of a gadoid (^), resembling the egg of a large rock-

ling. 9th March 1891. x 33.

Fig. 2. The same egg two days later, viz., on the 11th March 1891.

Fig. 3. Abnormal egg of grey gurnard, with five oil-globules. The rim
has advanced about two-thirds over the yolk. 3rd April 1890.

x21.
Fig. 4. The same egg a week later. The oil-globules have for the most

part coalesced, and of course are now fixed. 10th April 1890.

x21.
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Fig. 5. Slightly oblique view from the abdominal surface of the unknown
larva (from egg represented in fig. 1) shortly after hatching.

27th March 1891. x 33

Fig. 6. Lateral view of the same placed on a slide. x 33.

Fig. 7. Larva of the same form, about six days old, seen somewhat
obliquely from below. 10th April 1891.

Fig. 8. Lateral view of unknown post-larval fish, with peculiar teeth and
long pectorals. Enlarged under a lens.

PLATE XIII.

Fig. 1. Ovum of brill fertilised with the milt of the turbot on 30th April,

6th May 1891. The blastoderm has not quite enveloped the

yolk. A series of minute globules occur round the large oil-

globule. X 21.

Fig. 2. One of the foregoing ova shortly before hatching showing the

great development of brownish and black pigment in the

embryo, 15th May 1891. x 36.

Fig. 3. Hybrid brill (milt of turbot) of the first day, 15th May 1891.

x42.
Fig. 4. Unknown egg with oil-globule and yellowish pigment over yolk,

and measuring '9906 mm., 22nd May 1891. x 25.

Fig. 5. Larva of the foregoing 2*5 mm. long, viewed from the ventral

surface, so as to show the oil-globule in the centre of the

lower border of the yolk. The tail is somewhat folded. x 21.

Fig. 6. Ovarian ovum of the large sand-eel {A. lanceolatus) somewhat
compressed—and at the stage when the oil-globules are sepa-

rate. Seen by transmitted light, 23rd May 1891. x 21.

Fig. 7. Ovarian ovum of the same species at a more advanced stage, when
the oil-globules have coalesced to form a single large one. The
pale area is the nucleus seen by transmitted light. Similarly

magnified.

Fig. 8. Ovarian ovum of the lesser sand-eel {A. tohianus) as seen in an

average form, 25th May 1891. x 40.

Fig. 9. Abdomen of larval sand-eel obliquely seen from the dorsal surface,

which is uppermost in the figure, the anterior being to the left

and the posterior to the right. The large oil-globule lies in a

pit of the yolk, 7th March 1891. Magnified.

Fig. 14. Edge of egg-capsule of sand-eel {A. lanceolatus) compressed and
folded—showing papillse. x 400.

(For other figs, see Professor Princess paper, p. 351).
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of the Fishery Board for Scotland.

VIIT. NOTES ON THE DEVELOPMENT OF THE ANGLER-FISH
(Lophiuti piscatorius). By Professor E. E. Prince, B.A., F.L.S.

(Plates XIV., XV.)

The development of Lophius piscatorius has been referred to by Professor

J. A. Ryder as "one of the most extraordinary yet known to enibryologists,"

and certainly the eggs and larva) present features of peculiar interest. The
species is of common occurrence upon our coasts ; but hitherto no British

observer has secured the ova or reared the young through their larval stages.

This is the more remarkable because the eggs float in large masses in the

sea, and, unlike most pelagic ova, would appear to be especially exposed

to observation. Alexander Agassiz, nearly twenty years ago, recorded

that he was familiar with these eggs, and that they occurred on the surface

of the sea in the form of "a gigantic mucous band." This egg-band,

according to Agassiz and Whitman (2, p. 17,) is of a violet-gray colour,

and somewhat blackish, on account of the dark pigment present in the

young embryos. On the Irish and Scottish coasts such egg-masses have
occasionally been seen, and an example was discovered by Mr Thomas
Scott, F.L.S. , stranded on the beach to the east of the Flagstaff on Elie

Ness, in July last. It was between twelve and thirteen yards in length.

Recently two further specimens have been obtained by the Fishery

Board for Scotland. One of these ^vas secured off Kinnaird Head on
February 18th, and measured 36 feet in length, while its depth varied

from 10 in. at the centre to 6 in. at the ends. Its thickness was
stated by its captor to be barely -^^ in.; probably after dessication,

for the diameter of the ovum is rather less than ~ in. and the

enfolding mucus is said to be twice the diameter of the egg. When
the specimen came into the hands of Mr Melville, Fishery Officer, Fraser-

burgh, the eggs were observed to be " arranged somewhat like the meshes
of a herring-net, with a very thick skin protecting both sides of the

globules "—this skin being, no doubt, the dried layer of mucus in which
the ova are enclosed."^ Arranged as they are, in a single layer, the mass
assumes the form of a flexible ribbon. Dr Fulton, Scientific Secretary

to the Fishery Board, when forwarding to Professor M'Intosh portions of

the egg-band referred to, stated that the dried jelly was almost invisible .

when the specimen reached him, but ''swelled up and became a little

opalescent on being moistened with fresh water two days after." The
specimens, unfortunately, were not favourable for study ; but other

material sent by Dr Fulton to St Andrews became available when, in

February, a second mass of the eggs of Lophius was secured in the

Firth of Forth. Its dimensions seem to have been almost precisely the

same as those of the Fraserburgh specimen, and portions were forwarded

to the St Andrews Marine Laboratory, where, through the kindness of

Professor M'Intosh, a preliminary study has been made of the embryo
in ovo, and of the emerged young of the first day, and of larval examples

five, nine, and fifteen days old—a few specimens of these stages accom-

panying the ova. The amount of material for study was limited ; but as

some of the specimens were in fair preservation, the elucidation of

certain interesting points in the structure of the curious embryo of Lo-

phius was rendered possible.

* If any true membranous sheath envelopes the mass of eggs it must be of great
transparency and delicacy. No reference to such is made in published descriptions
of fresh ova in Irish and American waters.
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A few of the ova in the portions of the egg-band examined were found
to be abnormal and had undergone no embryonic development, the

periblast forming merely a corrugated pellicle around the large yolk-globe.

Most of the eggs exhibited the embryo in a somewhat advanced condition,

and apparently ready to emerge. The young fish, with its appended yolk,

completely fills the cavity of the egg-capsule, which is so pressed upon by
adjacent ova that the spheroidal form is lost, and in optical section a

pentagonal outline results (Plate XIV. fig. 1). Agassiz and Whitman
speak of a large perivitelline space in which the embryo moves freely,

and Agassiz figures this condition (1, Plate XVI. fig. 2), and shows the

capsules of adjacent eggs as forming thickened septa.* In the Dunbar
specimens the perivitelline space was small and the opposed capsules of

the ova formed very thin membranous septa, a condition difi'ering greatly

from the American specimens, though, no doubt, reagents and immersion
in alcohol had produced much alteration.

The points of difference are however so numerous, both in the ovum
and the embryos immediately after hatching, that the descriptions of the

American LopJiiiis will, in many respects, not apply to the Scottish

specimens. The " fifth day " stage evidently corresponds to Agassiz's figure

"a few days after hatching" (1, Plate XVI. fig. 5), though the rod-like

ventral fins are much higher in position than in the American example,

while the latest or post-larval stages figured by Agassiz bear little or no
resemblance to the valuable post-larval Lophius obtained by Professor

M'Intosh in 1886 (3, Plate XIX. fig. 6, p. 869), a unique specimen barely

7 mm. in length.

The earliest stage studied at St Andrews (Plate XIV. fig. 5) exhibited

the features of an advanced embryo, and appeared to be ready to emerge

from the egg. As compared with Gadoid or Glupeoid embryos, it is

stout and stunted, the head large and obtuse, the trunk short, and the

thick dagger-shaped tail only partially encircles the yolk. The last-

mentioned is large and globular, and a flattened oil-globule lies on
its posterior side, enveloped in a thick coat of protoplasm, richly

pigmented. The globule does not indent the yolk in the specimens studied,

but lies compressed as a flattened disc of oily matter upon the surface of

the bulky vitellus. It forms a dark mass on account of the numerous
stellate spots of black pigment covering the surface of its protoplasmic

envelope. The yolk at the time of hatching (Plate XIV. fig. 2) has so

diminished as to leave a large area between its surface and the integument.

This large interspace is divided by the mesodermic extension of the

parietal walls of the abdomen—the cavity enclosed by this thin layer of

mesoderm being really continuous with the coeloma, while the equally

spacious cavity outside is the sub-epidermal space, forming part of a

system of enormous sub-epidermal spaces, which are strikingly prominent
in the larval Lophius (Plate XV. figs. 10, 11, and 12, ss). Pelagic embryos,

as typified in the Gadoids and Pleuronectids, are usually characterised

by their delicate attenuated form, translucency with slight pigmentation,

and by the oval shape of the yolk. Lophius, however, even before extru-

sion, presents very different features, and recalls rather the clumsy and
deeply tinted larvae of Amphibians, or the robust embryos of Teleosteans

with demersal ova and a rich vitelline circulation. Thus the brain is in

an advanced condition, the enormous optic lobes being pushed forward

upon th.3 fore-brain, and imparting to the head its characteristic blunt

* Isolated eggs of Lophius are said to occur, and such a free egg is figured in the
paper already referred to (2, Plate VI. fig. 1). This egg is nearly spherical and the
translucent capsule is very thin. An account of the number of ova produced by this

species will be found at p. 251.
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outline. The nuchal region and the mid-trunk are no less rotund, and
project prominently from the yolk, while the dagger-shaped tail is stout

and far less delicate and blade-like than in newly-hatched Gadoids (Plate

XV. tig. 14). Perhaps the most striking external feature at this early stage

is the great development of black pigment. It is aggregated upon the

surface of the brain and spinal cord, and already forms a dense choroidal

layer around the eyes. The post-branchial, hepatic, and intestinal areas

are clothed so thickly that their form is wholly obscured when the embryo
is viewed from the surface, while sections show that the large stellate

corpuscles pass above and below the oesophagus, intrude into the inter-

stices of the hepatic lobes, and form a dense layer around the renal tubules

(Plate XV. fig. 9). A pigmented mesodermic extension (somatopleure)

passes down the yolk from the trunk, and between that layer and the

periblast pigment plentifully occurs, while that portion of the periblast

whicli surrounds the oil-globule is thickly dotted with black spots. These
spots, however, are confined solely to the surface of the periblast (Plate

XV. fig. 1 3) and do not pass, as in the Gurnard, to the inner surface. This

extraordinary development of chromatophores, which, it may be added,

extend over the developing gill-arches, the otocysts, and the upper surface

of the basis cranii, between the cartilage and the under surface of the

brain, is only equalled by another feature, distinguishing Lopliius from
other pelagic larvae, viz., the large development of serous or lymphatic

spaces around the trunk. All young fishes exhibit in greater or less

degree sub-epidermal spaces, and Mr E. W. Holt (4, p. 457) has recently

described an embryo, apparently a species of Solea, which has a curious

bladder-like expansion extending forward over the head, an exaggeration

of the condition figured and described by Raffaele (6, Tav. 3, figs. 5

and 6) ;
but, if such examples be normal, they are far less remarkable than

the larva of Lophius, the head and trunk of which is surrounded by
enormous lymphatic chambers of a very interesting character. The
membranous investment of the brain and spinal cord enclosps a spacious

cavity, and the roof of the fourth ventricle especially forms a huge arched

space (Plate XV. fig. 19), in great contrast to the condition in pelagic forms

generally. Outside this membrane, which is pigmented, a second mem-
brane occurs enclosing a space, y, which increases with the age of the

larva (compare Plate XV. figs. 10 and 11 with, figs. 18 and 19), and in

sections delicate strands traverse it, with many scattered cells. These
strands are no doubt immersed in life in a colourless plasma.

The sub-epidermal space proper (ss) occurs outside the second membrane,
the chamber limited by which may be distinguished from the innermost
medullary space as a perineural cavity. This outer chamber is pro-

minent in all Teleostean embryos ; but in Lopliius it exhibits noteworthy
features, and expands to a great size over the mid-brain and around the

trunk to the tip of the tail. The tail in fish embryos is usually flattened

laterally and blade-like, but the existence of a considerable perineural

and of enlarged sub-epidermal spaces results in a rounded cylindrical caudal

trunk; and the two ectodermal lamellae, which form the marginal membrane,
approach each other only near the tip of the tail dorsally, and along the

ventral (post-anal) border (Plate XV. fig. 14 em).

Above the cerebellum, and posterior to the fourth ventricle, and again a

little anterior to the root of the caudal trunk, aggregations of mesoderm
cells make their appearance in the perineural space (Plate XV. fig. 9, or). In
the embryo about to hatch, these cells form a considerable plate along the

dorsal surface of the neurochord, and are so thickened in the median line

as to resemble the lateral muscular plates. The median mass is indeed
connected by strands of loose cells with the myotomes (PlateXV. figs. 9, 10),
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but is separated from the Malpighian stratum of the ectoderm above by
a distinct fissure, and from the neurochordal membrane below by a layer

of pigment. From the foregoing description it will be seen that along the

dorsum in LopJiius there is no delicate unpaired embryonic membrane, and
when the median plate of dorsal mesoderm pushes its way upwards, and
carries out with it a projecting ectodermic papilla, the first dorsal spine is

formed as an isolated organ. Ryder has accurately described the main
features of the development of the three dorsal spines of Lophius ; but it

must be noted that there is no atrophy of any intervening fin-membrane

such as Ryder speaks of (7, p. 1025) ;
indeed, the sub-epidermal

chamber enlarges as the spines develop (Plate XIV., conf. figs. 3 and 8), a

phenomenon which is really the hypertrophy of the modified embryonic

fin. By the fifteenth day after hatching the dorsal spines have acquired

a central skeletal support and an enveloping musculature, the first spine

forming a strong curved filament, in length about one-third that of the

body, and traversed by an artery and vein ; the Second is shorter, and
the third forms a short digitiform projection. The changes which these

dorsal processes undergo, from the first to the fifteenth day, are as

follows :—The cap of ectoderm lengthens, and its mesodermic core be-

comes denser distally, while proximally the cells form loose strands

(Plate XV. fig. 10). On the fifth day a central series of cells become dis-

posed in columnar fashion, and by the ninth day are converted into

cartilage (Plate XV. fig. 1 1 carf.). This rod of cartilage cells is enclosed in a

delicate sheath of flattened cells, and the mesodermic cells around become
elongated in the form of muscular fibres. A short distance before it

emerges from the dorsum the cartilaginous rod is constricted, the

muscular tissue becoming radially aggregated around, and where this

converges proximally a plate of osteoid matter (2), like chitin in appear-

ance, is developed upon each side. This chitin-like substance, by the

fifteenth day, clothes the cartilaginous rod, and distally forms the sole

central tapering support (Plate XIV. fig. 8). At the stage just described

(ninth day) we see, indeed, in cross-section of the distal portion of the

spine (Plate XV. fig. 16), the osteoid core in process of formation. A
structureless yellow cylinder {z) occupies the centre of a tube of pulpy

secreting cells.* The glandular tube is ensheathed by flattened cells,

while a considerable space surrounds them, intervening between the central

strand and the ectoderm, and this space is occupied by a connective mesh-
work (y). The integument consists of the usual double layer, the juicy

mucous layer exhibiting very large glandular cells—indeed, the Malpighian

stratum of the skin in Lophius exhibits very early a highly glandular

character. The interesting question respecting the function of these

enormous dorsal processes and the nature of their nervous supply cannot be

decided without a more lengthened study ; but on the posterior side of

the central rod in each spine a strand of cells passes up, and exhibits the

features of a developing nervous cord (Plate XV. fig. 1 6 ne).

When, as on the fifteenth day, the cartilaginous rudiment of the neural

arch is formed, the central rod {cart.) has grown downward so far as to

rest in a dorsal depression in the arch (Plate XV. fig. 12) ; but it is in-

teresting to note that it arises distally, and only in advanced stages

approaches and actually articulates with the vertebral column.

Sections show, further, a large development of lymphatic tissue anterior

to the pronephros. Such an occurrence of loose connective tissue below
the medulla and mid-brain is a common feature in Teleostean embryos ; but
iu Lophius its extent is so great that the eyes, which are usually in close

* This is precisely the mode in which the so-called Teleostean clavicle arises

(5, p. 7).
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proximity to the sides of the brain, are widely separated (Plate XV. fig. 17),

and the infundibuliim and pituitary body are lifted above the oral roof,

and are suspended in a mass of loose cellular tissue. Below the medulla

oblongata (Plate XV. fig. 19) similar tissue abundantly occurs, and is bathed,

no doubt, in colourless lymphatic fluid ; and the disposition of the organs

al)ove would appear to be due to the enlargement of the lymphatic spaces

below, for the floor of the medulla oblongata is raised up so as to open out

its lumen and obliterate the cavity of the fourth ventricle save for a slight

median depression (Plate XV. flg. 19). The flattened state of the medulla

and of the hind portions of the brain is thus wholly different from that

of the herring, the brain of which is remarkably depressed, for in the

former it is due to upheaval from below, extending as far as the third

ventricle, and opening out the aquedudus Sijlvii by the elevation of the

crura cerebri. In later stages a median septum divides this sub-encephalic

chamber, while from the roof of the mouth two lobose sacs hang down
and are filled with lymph (Plate XV. fig. 18, ss). A special interest attaches

to the renal structures in Lophius on account of Hyrtl's determination

that the adult organ is a head-kidney only. The pronephros, however,

presents the usual features, and there is a paired Malpighian capsule with

glomeruli, a complicated series of lateral tubules, and a simple elongated

archinephric duct, as in other forms. The great development of lymphatic

tissue in the pronephric region is interesting in connection with Balfour's

view, based to some extent on a study of the kidney of Lophius^ that the

pronephros is really a degenerate lymphatic gland. As the archinephric

ducts descend to the large urinary vesicle, they pass through a posterior

mass of lymphatic tissue (Plate XV. fig. 15). The figure referred to shows
the rudimentary generative glands as sac-like protrusions from the mesen-

tery, solidly built up of rounded cells, and covered by a delicate peritoneal

envelope.

Of the development of the paired fins little need be said. They arise,

as usual, in the form of pads, an ectodermic fold with an intrusion of

mesoblast ; but the pelvic fins assume a remarkable rod-like form by the

fifth day, while the base becomes greatly enlarged and develops a basal

plate of cartilage (Plate XV. fig. 13, cart.) about the ninth day. On the

fifteenth day they are longer than the whip-like anterior dorsal spines, and
are so thickened basally as to form etout projections, with a slight bifurca-

tion, the rudiment of a second free ray. The basal cartilages almost meet
in the middle line as a cartilaginous girdle (Plate XIV. fig. 7). The head by
this time is greatly expanded, and, viewed from above, resembles in many
respects the post-larval example obtained by Professor MTntosh. The
changes between the advanced embryo (Plate XIV. figs. 6-8) and the

Interesting form mentioned are apparently so inconsiderable that the

question arises whether or not the British LopMus really passes through
the surprisingly grotesque stages figured by Agassiz (1, PI. XVIII. figs.

2, 3) before reaching the flattened post-larval condition, a question which
only the capture of eady post-larval stages can decide.
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DESCRIPTION OF PLATES.

Lettering adopted in the figures.

a, anus.

aiL, otocyst.

caps, capsule of egg.

cp, cortical protoplasm.

c, eye.

era, unpaired embryonic fin.

ec, ectoderm, corneous.

ecn, ectoderm, neurodermal.

fh, forebrain.

Ir, liver.

mo, medulla oblongata.

msn, mesentery.

7ny, myotomes.
ne, nerve (?).

nc, notocliord.

ov, ovary.

og, oil-giobule.

pf, pectoral fin.

pt, pigment.
pn, pineal gland.

sg, archiiiephric duct.

so, somatopleure.
sp, median dorsal spines.

ss, serous spaces in and around
trunk, &c.

vf, ventral fin.

X, dorsal aggregation of mesoderm.

y, -loose cells of mesoderm.
yk, yolk.

z, osteoid matter (like chitin).

Plate XIV.

Fig. 1. Ovum of LopMus piscatorius—magnified.

Fig. 2. Embryo just hatched, showing chambers around the yolk, x 12.

Fig. 3. ,, fifth day, with dorsal process and paired fins, x 12.

Fig. 4. ,, ninth day, ventral aspect, x 12.

Fig. 5. ,, just before hatching, x 35.

Fig. 6. ,, fifteenth day, dorsal aspect.

Fig. 7. fifteenth day, ventral aspect.

Fig. 8. fifteenth day, with three dorsal spines and long ventral fins, x 18.

Plate XV.

Fig. 9. Embryo nearly ready to hatch. Trans, section through pectoral region, x 45.

Fig. 10. ,, more advanced than fig. 9. ,, ,, ,, x 45.

Fig. 11. ,, nine days old. ,, ,, ,, x 45.

Fig. 12. fifteen days old. ,, ,, ,, x 45.

Fig. 13. ,, ninth day. Transverse section through yolk and pelvic fin, x 75.

Fig. 14. ,, first day. ,, ,, ,, tail posterior to anus, x 70.

Fig. 15. ,, fifteenth day. ,, ,, rectum (showing ovary), x 70.

Fig. 16. ,, ninth day. ,, ,, ,, first dorsal spine, x.l50

Fig. 17. ,, ninth day. ,, ,, ,, fore-brain, x 45.

Fig. 18. ,, fifteenth day. ,, ,, ,, pineal gland, &c., x 45.

Fig. 19. ,, fifth day.
,, ,, ,, medulla oblongata, x 45^
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IX.—SOME FEATURES IN THE EGG AND LARVA OF THE
SKULPIN {CaUionymus h/ra). By Professor E. E. Prince,

B.A., F.L.S. (Plate XIII 'figs. 10-13.)

When the eggs of the skulpin or dragonet were described for the first

time by Professor M'Intosh in 1885, they were at once seen to exhibit

features of an unusually striking character. No other egg was known to

show the remarkable external reticulation seen upon the surface of the

dragonet's ovum. Since the eggs were discovered at St Andrews they have

been obtained by various observers—by Mr J. T. Cunningham at Plymouth
and Millport, and Mr Holt off the west coast of Ireland ; but the several

published notices of this unique type still leave some points of interest

undescribed. Some examples have been identified recently in a series of

pelagic ova collected in the scientific cruises of the ' Garland,' and a

number have been secured during this summer and last in St Andrews
Bay. A further account, therefore, of undescribed stages in the develop-

ment of this species may not be without interest. Until Mr Holt hatched

some ova last year the embryo of the dragonet was unknown, though

Professor M'Intosh had obtained somewhat advanced larval forms (about

3 mm. in length), of which descriptions have been published, and had
traced the post-larval stages up to the attainment of the adult features.

Examples of developing ova secured in the bay were examined in the

Marine Laboratory, St Andrews, on May 22. They showed the embryo
in an early condition, possibly two or three days after fertilisation (Plate

XIII. fig. 11). On account of the characteristic reticulation of the capsule

the ovum has a certain opacity, rendering it discernible without difficulty

in still water. The external reticulation has been described with some
fullness ; but since Raffaele has published an account of the minute pelagic

egg of Uranoscopus scaber, and List has described the floating egg of

Cremlabrus tinea, both distinguished by an external reticulation of

perfectly regular hexagons, it is necessary to point out that the figures

upon the surface of the dragonet's ovum are by no means regular nor of

one geometrical type. The figures assumed by the projecting network are

for the most part hexagonal, but pentagons and octagons are frequent.

The sides, moreover, of these polygons are of varying length, two or three

sides being occasionally so elongated as to produce a very unsymmetrical
outline and at their angles small irregular interspaces occur. Further,

a pentagon or hexagon may extend over an area four or five times

greater than that of one adjacent. Notwithstanding such irregularities

and variations, apparent upon minute examination, the appearance of

the external markings is that of an elegant honey-comb pattern.

The eggs studied on May 22 were at different stages of development.

In the youngest, apparently about the second or third day after fertilisa-

tion, Kupffer's vesicle was fully formed, and in one example the structure

was compound, its periblastic envelope including a smaller, as well as a

somewhat enlarged, spherical chamber. The optic outgrowths were
defined, but the lenses were undeveloped, while the myotomes were out-

lined along the whole length of the embryo, the trunk at this time
encircling about half the circumference of the yolk. The notochord was
breaking up into flattened discs, but the alimentary tract was, so far

as could be seen in the living egg, not differentiated. The yolk
showed very remarkable features (Plate XIII. fig. 1

1
). Its cortical portion

was broken up into large ill-defined masses, forming a thick superficial
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stratum resembling the * zona esterna vesicolare ' seen hy Eaffaele in

C. festivuSj and recalling the segments in the yolk-surface of the sole.

Lines of division crossed over the yolk either in curved or variable broken

courses, often crossing or running into each other, and the surface had
thus the appearance of incomplete and irregular segmentation. In profile

the pseudo-segments protruded in the form of depressed mounds, with

their rounded apices directed inwards. The entire surface of the yolk

showed this ill-defined vesicular character, but its outer contour was
unbroken and smooth, and the perivitelline space was somewhat large.

Pigment was present of a rich yellow colour, deeper than canary yellow,

and approaching an orange tint. It occurred as small grains upon the

head, before and behind the eyes, and dispersed in this anterior region

beyond the embryonic trunk proper over the yolk, but to a very limited

extent. A girdle of amorphous yellow spots occurred just in front of

Kupffer's vesicle, and others were grouped at the caudal end of the fish

(see Plate XIII. fig. 11). In a more advanced ovum (Plate XIII. fig. 10)

black pigment spots had made their appearance. They occurred sparsely

upon the trunk, but were absent from the pre-otocystic area, while some
occurred in the girdle of yellow spots and the posterior band, now well

defined and situated slightly anterior to the termination of the tail.

Minute black granules, very few in number, occurred beyond the trunk

along each side. The yellow spots were now more scattered, and, in

addition to the two caudal bands, they were scattered irregularly over the

head and mid-trunk, and extended over the surface of the yolk, not, how-
ever, beyond the hemisphere on which the embryo rested. The more
distal half of the yolk was quite destitute of pigment. The occurrence of

black pigment in the embryo before hatching is noteworthy. Mr Holt's

figures show yellow pigment only, and certainly C. festivus^ according to

the description and drawings of Raffaele, exhibits yellow coloration only

;

but black pigment appears at an early stage in C. lyra. The larva, on
emerging, showed considerable opacity ; the yolk, though the pseudo-

segments are not discernible, exhibits striations and irregularities over the

surface, while the body and embryonic fin-membranes are very uneven
and covered with granular projections, not apparently due to an unhealthy

condition.

When forty-eight hours old the free embryo has lengthened, the snout

is pointed and unusually prominent, the branchial clefts (two pairs) at

this stage are indicated, and the pectoral fins are most marked (Plate XIII.

fig. 12). These last structures form rounded pad-like areas some little

distance from the trunk proper, and midway between the eyes and the

anus, a position very unusual—the fins in many species appearing much
nearer the head. Irregular streaks of yellow pass round the fins, and
give them great definiteness, while yellow spots of a variable complicated

form occur on the snout around the eyes and otocysts, and along the sides

of the trunk. The yellow pigment is still largely confined to the upper

half of the yolk, and the sparse black spots are strictly so confined, save

for those on the trunk, and especially in the two caudal bands. From the

head black spots are almost absent, one only appearing on the anterior

surface of each eye. The three yellow patches in the median embryonic

fin occur as in Mr Holt's figure, but the fin rose much higher dorsally,

imparting a hump-backed appearance to the fish. The shape of the yolk,

too, was more elegantly ovate in form, and the anal strand passing from
the rectum to the ventral edge of the embryonic membrane is coloured with

yellow spots (Plate XIII. fig. 13). Embryos were not studied at later stages

than the second day after extrusion from the ovum, and up to that time

the black pigment exhibited the form merely of minute grains or points pf
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colour, while the yellow pigment appeared either as large amorphous
particles, or as an irregular group of short filaments aggregated together,

without any approach to the branched stellate figure.

DESCRIPTION OF FIGURES. PLATE XIII.

Fig. 10. Ovum of Callionymus lyra, showing first appearance of black

pigment, probably fourth or fifth day. Vesiculated yolk-cortex

is shown, but the raised external reticulation is only partially

indicated. x 56.

Fig. 11. Ovum of Callionymus lyra at an earlier stage (second or third

day?). The raised reticulation is only partially indicated.

X 36.

Fig. 12. Larva of Callionymus lyra second day after hatching, ventral

view, showing pigmented pectoral fins. x 56.

Fig. 13, Larva of Callionymus lyra^ showing epidermal reticulation.

X 40.
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X.—A CASE OF HERMAPHRODITISM IN A HADDOCK (Gadns
cer/lejinus). By W. Ramsay Smith, B.Sc.

The stomach, intestine, and reproductive organs of a fish preserved in
spirit were handed to me for examination, with the following remarks :

"Removed from a haddock about 18 inches extreme length and 3 lbs.
weight." A small part of the body wall left attached to one side of the
anus, and a small portion of mesentery and peritoneum, sufficed for
identification of the relative positions of the organs. The condition of
these organs is as follows :

—

On the right side is a testis about 4*5 cm. long and 2 cm. in diameter,
well developed and very much convoluted.

Fig. 1. Fig. 2.

Fig 1. View from below. Fig. 2. View from above. Both figs, are half natural

size. i. intestine; r.L right testis; l.t. left testis; o. ovary; u. ureter; b.

body-wall.

On the left side is another testis about 5 cm. long and 2 cm, in

diameter, also well developed and much convoluted. Attached to the

posterior end of this testis is an ovary about 4*5 cm. long and 2 cm. in

diameter. The ovary and both testes open by one common passage to

the exterior.

The ovary presents the appearance of a normally developing organ.

The eggs measure, on an average, 0"375 mm. in diameter. The testes

exhibit the normal characters of such organs in the haddock, and appear

to have been developing pari passu with the ovary.

At the junction of the ovary with the left testis, there is a hard body,

very dark in colour and about 8 mm. in diameter. It looks like a foreign

body, but as yet I have not been able to determine its nature.
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SECTION 0.—PHYSICAL OBSERVATIONS.

REPORT ON THE PHYSICAL OBSERVATIONS CARRIED ON
BY THE FISHERY BOARD EOR SCOTLAND IN THE
FIRTHS OF FORTH AND TAY AND IN THE CLYDE
SEA AREA. By Hugh Robeut Mill, D.Sc, F.R.S.E. (Plates

XVI., XVIL)

The importance to fisheries of a thorough and systematic knowledge of

the physical changes going on from month to month in the sea being
fully recognised by the Board, the regular observations which have been
carried out since 1887 on H.M.S. 'Jackal,' the Fishery cruiser 'Vigilant,'

and the ' Garland,' were supplemented in 1889 by the inauguration of

observations at fixed stations. In order that the work done should be
strictly comparable with that undertaken by the German and Danisli

Governments on the opposite shores of the North Sea, the Board decided

to employ instruments of the same description. These were accordingly sup-

plied and distributed under the direction of Dr John Gibson, who personally

visited the observers and instructed them in the use of the apparatus.

The thermometers employed are very serviceable instruments, fitted

with paper scales inside a protecting glass tube, and graduated to fifths

of a degree centigrade. They are made by Steger, of Kiel, and enclosed

for use in wooden cases, the lower part of which is provided with a

copper box fastened by a spring, and intended to fit loosely, so that

water can freely enter and be retained around the bulb while the instru-

ment is being read. The thermometers are admirably adapted for observing

at sea, being very strong, and, on account of their large wooden cases,

tliey run little risk of accident. Great care must, however, be taken that

the copper box slips freely on and ofi" and is clamped firmly by the spring,

and in actual use a great deal of trouble has been caused by this not being

the case. In some instances, owing to failure of the spring, th.e copper
box has been lost, and the observations have in consequence been

rendered practically useless. More frequently the wooden case, swollen

by immersion in water, has become tightly wedged, preventing the access

of water to the bulb. In this event the thermometer is made very

sluggish in action, requiring from ten to twenty minutes in order to take

the temperature of the water, and the readings taken after five minutes'

immersion are thoroughly misleading. Occasionally it has happened that

the swelling of the wooden case was so great as to split the copper box.

As each of these drawbacks was brought under notice it was rectified, and
the observers cautioned as to the risk of any similar occurrence. The
thermometers were compared by Dr Gibson with a standard instrument,

and their corrections, which were very small in all cases, were determined.

The use of the centigrade scale is open to the objection that the

readings are not directly comparable with, those of the Fahrenheit ther-

mometers generally used in this country for meteorological work and
marine research. A table comparing the two scales will be given in this

Report, and it so happens that the translation of centigrade degrees into

Fahrenheit is much easier to carry out mentally than the reverse process.

The rule is, multiply the centigrade temperature by 1-8 and add 32 to

the result. This is most easily done as follows :—Multiply by 2, subtract

one-tenth of the result and add 32. For instance, to convert 10° C. to

degrees Fahrenheit, 10 x 2 = 20, 20 -^ 10 = 2, 20 - 2 = 18, and 18 -f- 32 = 50,

which, is the answer.

z
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The following table is that employed in converting the Fahrenheit

readiiif^s which occasionally occur in the records, for the purpose of

ensuring uniformity in the Report :

—

Fall. Cent. Fah. Cent. ' Fill£ All. \_ I 111/.
1

Fah. Cent.
30-1-1 40 4-5 50 10-0 60 15-6 10 0-6

31-0-5 41 5-0 51 10-6 61 16-1 0-1

32 0-0 42 5-6 52 11 1 62 16-7
!

m-2 o-i

33 0-6 43 6-1 53 11-7 63 17-2 Ij
0-3

34 1-1 44 6-7 54 12-2 64 17-8 I 0-4 j-0-2

35 1-7 45 •7-2 55 12-8 65 18-3 0-5 0-3

36 2-2 46 7-8 56 13-3 66 18-9 1! 0-6

37 2-8 47 8-3 57 13-9 167 19-5 0-7 0-4

38 3-3 48 8-9 58 14-5 68 20-0
!

"0-8

39 3-9 49 9-5 59 15-0 69 20-6
I'l

^^'^ 0-5

At tlie four East Coast stations the specific gravity of the water is

observed by means of hydrometers of the pattern used by the German
observers, and made by Kiichler of Ilmenau. The set supplied consists

of five instruments, graduated to read specific gravities at 17°'5 C, and

ranging from 1000 to 1031. No. 1. ranges from 1024 to 1031, No. II.

from 1018 to 1025, No. III. from 1012 to 1019, No. IV. from 1006 to

1013, and No. Y. from 1000 to 1007. The temperature of the water is

noted when the observation is made, so that all the results may be

reduced to the standard temperature of 17°"5 C. for comparison. The
resulting figures are of great value for comparison with those of the con-

tinental observers, but require to be reduced to densities at 60° F.

(15°-56 C), in order to be compared with the results already obtained for

various places round the coast of Scotland. The importance of finding

the density or specific gravity of water at a stando,rd temperature lies in

the fact that it is a measure of the salinity, and that the amount of salt

present in solution may be readily calculated from it.

The relation of the specific gravities employed in this Report to the

densities given in the 'Challenger' reports, and in my various papers on

the physical conditions of the seas round Scotland, is sliown in the

following summarised table :

—

Specific Gravity,

17- 5^17-5

(Pure Water= 1000-0).

Density,

(Pure Water = 1-0000).

Salinity.

Per cent, of total salts.

1019-0 1-0177 2-12
1019-5 1-0182 2-20
1020-0 1-0187 2-27

1020-5 1-0192 2-36
1021-0 1-0197 2-48

1021-5 1-0202 2-54
1022-0 1 -0207 2-64

1022-5 1-0212 2-74
1023-0 1-0217 2-80
1023-5 1 -0222 2-92
1024-0 1-0227 3-00

1024-5 1 -0232 3-08
1025-0 1-0237 3-18

1025 -5 1 -0242 3-26
1026-0 1-0247 3-34
1026-5 1 -0252 3-44
1026-8 1-0260 3-50

To save space in the Tables the figures 10 are not printed
;
specific gravities 12-5

and 26-8, for example, are to be read 1012-5 and 1026-8, pure distilled water at 17° -5 C.

being taken as 1000-0.
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In October 1890 I was asked to inspect the East Coast stations where
observations were being carried on, and accordingly I visited the Oxcar
Lighthouse, the ^s^orth Carr Rock Light-vessel, the Bell Rock Lighthouse,

and the Abertay Light-vessel. Again, in April 1891 I visited those

stations, with the exception of the Bell Rock, and I also inspected the

observations in progress at West Loch Tarbert, Ardrishaig, Brodick, and
Loch Ryan on the West Coast. I carefully examined the instruments,

and saw that the observers understood them and were paying attention to

the daily observations. Without regular inspection such work cannot be

relied upon, and all stations should be visited at least twice a year.

The Fishery Board has placed in my hands the record of observations

carried on at the eight stations mentioned above, together with a number
of books containing the observations made on board the ' Jackal,'

' Vigilant,' and ' Garland,' and requested me to draw up a report upon
them.

I have accordingly carefully examined the data, and have now the

honour of submitting a report on the very valuable results obtained by
the observers at fixed stations, postponing consideration of the equally

valuable and voluminous record of the work done on the 'Jackal' and
' Vigilant ' at sea for a later report.

I have to acknowledge the services of Mr Robert TurnbuU, B.Sc, in

reducing the specific gravities to constant temperatures, calculating the

salinities, and working out the mean values for various periods.

New observers, employing instruments with which they are unfamiliar,

cannot be expected to furnish entirely satisfactory results, and the records

of the earlier months at most of the stations are less trustworthy than

those which come later. In one or two cases the instruments had got out

of order, and gave readings which are obviously wrong. This can usually

be detected, and the erroneous readings allowed for, but in some cases

suspicion is thrown on parts of the record which make it unwise to found
any conclusions. The ordinary duty of the observers occasionally inter-

fered with perfect regularity in making the physical observations. This

is especially the case on the lighthouses and lightships, where fog-signals

have to be attended to continuously in thick weather, and where, in

strong gales, the force of the breakers or the motion of the vessel make
the risk of damaging the instruments too great to justify an attempt to

use them.

Observations on the East Coast.

The map of part of the East Coast of Scotland (Plate XVI.) shows
the relative position of the regular observation stations on that side of

Scotland.

Oxcar Lighthouse.—This station is peculiarly interesting, being situated

close to the line where the estuary of the Forth may be said to end and
the Firth proper to begin. It closely corresponds to Station VI. in my
Report of 1887,* and from the occasional observations made there during

the work of the Scottish Marine Station I was led, in the Report referred

to, to conclude that at this point the fresh water of the River Almond
produced a disturbing effect in the salinity, and by inference in the tem-
perature also, at low tide. Temperature and specific gravity are observed at

the lighthouse by the keeper in charge at 9 a.m. and 3 p.m. daily. The tcm-

* H. R. Mill ' On the Physical Conditions of the Water in the Firth of Forth,
Fifth Annual Report of Fishery Board, Appendix F., p. 349, 1887.
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perature is observed and water collected for specific gravity from ilie light-

house ladder at high tide, and in the deepest water at the side of the

boat jetty at low tide. The observations refer to the surface water only

and at 9 a.m. to air temperature as well. This commenced on December

24, 1889, and with the exception of a fortnight in September 1890, the

month of December 1890, and part of February 1891, they have been

carried out with regularity.

Making allowance, as far as this is possible, for the months in which
the observations are defective, the mean surface temperature of the water

for 1890 was 8°-0 at 9 a.m., 8°-4 at 3 p.m., and for the first three months
of 1891 4°'l at 9 a.m., 4°'6 at 3 p.m. The highest temperature observed

w^as 13°
'8, on September 8, 1890, at 3 p.m. ; the lowest observed was

2°
-4, on January 10, 1891, at 9 a.m. The lowest temperature recorded

in 1890 was 3°-6, reached on March 3, at 9 a.m.

The results for this station are a little puzzling. The mean tempera-

ture is nearly a degree"lower than that at any other station, and on

examining the curve, comparing the temperature at Oxcar with that at

Bell Rock (I., Plate XVII.), one is struck by the remarkably low maxi-

mum, and the early date at which it is recorded. The diagram is ruled

with red lines, to show temperatures at each degree on the centigrade

scale, and for convenience of comparison is also ruled in blue at each

5 degrees Fahrenheit. It summarises Table V., where the actual mean
temperature of each ten-day period is given. Table YI. gives the monthly

mean temperature, which is taken as the mean of the three ten-day periods

comprising the month. The curve of monthly means is shown on a large

scale in Diagram IV., on which each degree centigrade is ruled in red

lines, and each degree Fahrenheit in blue lines. This diagram gives the

change of monthly mean temperature at each station for the whole period

of observation, and the singular character of the Oxcar curve is very pro-

nounced. As might be expected from the position of the station, much ex-

posed to the influence of fresh water from the Forth and Almond, the

minimum in February and January, when the rivers are at their coldest,

are lower than those of any other station. But the same argument would

lead us to expect that in August and September, when the rivers are at

their warmest, the maximum of the Oxcar surface temperatures would be

higher than that of any other station. The reverse is indicated by the

record. The maximum monthly mean, IT'O, occurred in June, and was

lower than that found anywhere else. In the absence of any record

for September, it is unsafe to say anything decided as to the trustworthi-

ness of the observations in July and August, but it seems quite possible

that the readings in these months were too low. The air temperatures

recorded show that there was no cold weather sufficiently pronounced to

account for the low temperature of the water ; and since the low readings

affected the afternoon as well as the morning observations, it is possible

that the thermometer may have been temporarily deranged.

In the average of ten-day periods the temperature was always a fraction

of a degree higher in the afternoon than in the forenoon, an effect evi-

dently due to the heat of the sun. It is obvious, however, that with

observations taken six hours apart, the tide is at opposite phases, and any

effect which might be produced by tidal difference would be masked in

ten days, and entirely neutralised in a month, supposing that the effects

produced by flood and ebb tide are equal and opposite.

In order to discriminate the tidal effect the whole record was gone

over carefully, and all the observations within an hour and a half of high-

water and of low-water were copied out for special consideration. The

result was as follows :—
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OxcAR Lighthouse—Mean Tidal Effect on Temperature.

Temperature. Temperature.

Differ-

Month. ence. S3 - Sg.
High Water, Low Water, S3 - S9.

Low Water, High Water,
9 A.M. 3 P.M. 9 A.M. 3 P.M.

S3. S3.

1890,

January, .
6*0 67 07 6 "2 6-4 0'2

February, .
4"6 4 '8 0'2 4*9 6*6 07

March., 6"3 6 '8 5 "4 5*5 O'l

April, .
7-2 7-7 J 7-0 7-0 O'O

May, . .
10-4 11-3 O'Q 9-6 9-3 — O'^

June, . .
11-1 11-7 0-6 11-2 10-8 -0-4

July, . .
10-7 12*3 1-6 10*8 11 '4 o'6

August, 9-7 10-5 0-8 10-8 10-9 0"I

September,
October, . 8-b 9'b I'O 8-b 8-6

November, 7-4 7-6 0'2 6-5 7-2 07
December,

1891.

January, .
3-4 3-9 0-5 3-8 5-2 I '4

February, .
5-4 5-4 00 4-9 51 0-2

March, . . 4-7 5-4 07 4-0 4-6 0-6

Mean, . .
7-3 7-9 0-6 7-2 7-5 0-3

This shows that the average rise of temperature of 0°*4 is by no means
uniformly produced. When high-water occurred in the forenoon and low-

water in the afternoon, the average amount of heating was 0°"6
; when

low-water came in the forenoon and high-water in the afternoon, the

amount of heating on the average was only 0°'3. In other words, there

is on the whole a tendency for high-tide to produce a fall of temperature

This is easily understood if the river and shallow-water is, on the average,

warmer than the deeper sea-water. At low tide the warmer river-water

comes down, raising the surface temperature ; at high tide the cooler sea-

water streams up, lowering the surface temperature. In the foregoing table

the result of the cooling effect of the seaward-water was shown to have
neutralised the natural heating effect of the sun in May, and to have
caused a fall of temperature in the afternoon of 0°'3 and 0°*4 in June
and July. In winter, however, we know that the sea is warmer than
rivers ; but the Oxcar results do not show, except in the month of Feb-
ruary 1891, any marked rise of temperature with morning high-water.

The specific gravity observations are of much value in throwing light

on the physical changes taking place in the water. The ten-day

means at Oxcar are given in Table XII., the figure 10 being in each

case supplied. Thus 25*4 stands for 1025 "4, pure water having the

specific gravity lOOO'O. The salinity is calculated as the percentage

by weight of total dissolved salts. The monthly means are plotted

for each station with regard to specific gravity and salinity in Diagram
III. Plate XVII.
At Oxcar, the average specific gravity for 1890 was 1024*6 at 10 a.m.,

and 1024'7 at 4 p.m., and for the first three months of 1891 it was
1024-4 at 10 A.M., and 1024 6 at 4 p.m. Unfortunately the observa-

tions at the North Carr Lightships are not available for comparison.

The maximum observed at Oxcar was 1025*9 on August 1, 1890,
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the minimum was 1020 0 on March 19, 1891, a figure which was

nearly reached on January 17, 1890, when 1020*5 was recorded. The

main characteristic of this station is the uniformity of its salinity.

Only four of the ten-day peiiods recorded in Table XII. show a

lower specific gravity than 1024'0; these periods were January 21-31,

and the whole month of November 1890. From February to October

189(), the specific gravity hardly varied from a mean value of 1025-0.

The efl'ect of tidal phase on salinity is naturally more marked tban

that on temperature. All the observations were accordingly subjected

to the same treatment as that described above with the following

results :

—

OxcAR Lighthouse—Mean Tidal Effect on Specific Gravity.

Specific Gravity. Specific Gravity.

Month. High Low S9- S3 Low High S3 - S9

Water, Water, Water, Water,
9 A.M. 3 P.M. 9 a.m. 3 P.M.

Sg S3 S9 S3

1890.

January, 23-8 22-3 1-5 24-0 24-6 0-6

February, . 24-9 24-5 0'4 24-6 24-9 0-3

March, . 24-6 24-4 0*2 24-5 25-1 o'6

April, . . 24-8 251 -0-3 24-9 25-0 o*i

May, . . . 25-2 24-7 o'5 25-1 25-2

June, . 25-2 247 0-5 25-0 25-1

July, . . .
25-3 24-9 0-4 24-9 25-2 0-3

August, 25-4 25-5 -O'l 25-2 25-6 0-4

September,
October, 24-5 24 -3 0'2 25*1 25-3 0'2

November, 22-1 227 -06 22-3 23-3 I 'O

December, ...

1891.

January, 24-4 24-3 O'l 24-4 24-8 0-4

February, . 23-9 23-6 24-9 247 -0-2
March, . . 24-4 23 7 07 24-6 24-9 0-3

Mean, 24-5 24-2 0-3 24-6 24-9 0-3

Here we see, as might be expected, that the average range of salinity

between high and low tide is the same, corresponding to a difference

in specific gravity of 0*3. But we see also a somewhat unlooked for

result, which is, that the salinity of the water is markedly greater

in the afternoon than in the forenoon. This occurs at all times of

the year, and cannot be assigned to the efi^ect of evaporation. Indeed,

the magnitude of the difference—greater than that between high and
low water—precludes the idea of evaporation being the chief agent

producing it. , The explanation, probably, is that the spring tides

at Oxcar occur about 4 p.m., and the neap tides about 10 a.m. Even
granting this, there is the difficulty that the 9 a.m. low water due
to spring tides appears to produce distinctly less freshening than

the 3 P.M. low water due to neap tides. This matter demands further

investigation, and may possibly be elucidated by considering the direction,

speed, and duration of the tidal currents at different times of the

month.

The mean salinity at Oxcar may be put at 3*1 per cent, on the
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surface ; ami the comparative immunity from rapid and great changes

of salinity appears to point to the peculiar adaptability of the section

of the Firth of Forth, bt tvveeu it and Inchkeith, for the cultivation

of oysters. Whether the practical extinction of the oyster-fishery on
the Middle Bank is due to some slow change in the physical conditions

of the water or not, might possibly be ascertained if there existed any
early records of specific gravity observations.

North, Carr Light-vessel. — This vessel is anchored in 24 fathoms

of water off the North Carr Rock, near Fife Ness, at the entrance

to the Firth of Forth, and on the southern boider of St Andrews
Bay. A better situation for physical observations, to throw light on
the conditions of the sea on the east coast of Scotland, could not be

desired. Observations of temperature were made at 9 a.m. and 3 p.m.

from November 1889 onward, at the surface, 12 fathoms, and the

bottom; observations at 6 fathoms were also made for some time,

but discarded as unnecessary on account of the small vertical range

of temj)erature. Negretti and Zambra's deep-sea thermometers were

employed in a special frame designed by Dr T. Wemyss Fulton, which
admits of the use of a weight to invert the instrument and cause it to

register. The air temperature was also noted.

The mean temperature of the surface water for 1890 was 8°
'9 at 9 a.m.,

and 9°"0 at 3 p.m., this being a higher temperature and a lower

range than occurs at Oxcar. At the bottom, the mean temperature for

the year was 8°
'7 at 9 a.m., and 8°

"9 at 3 p.m., showing a slightly

lower temperature and less range than on the surface. The means
for the first three mouths of 1891 were the same at both surface and
bottom, viz. :—5°*2 at 9 a.m., and 5°'3 at 3 p.m.

The highest temperature on the surface was 14°'0 on September 12,

1890, at 3 P.M., the lowest r-3 on March 17, 1891, at 9 a.m.
]

readings of 4°
'7 and 4° '8 occurred once in December 1889 and March

1890. At the bottom, the highest temperature recorded was 13° '5 on
September 9 and 13, 1890, at 3 p.m., the lowest 4° '4 on March 8

and 10, 1890, at 9 a.m. ; but 4°
'5 was noted on several occasions.

The extreme range was thus 9°'7 on the surface contrasted with 11°*4

at Oxcar. The range of temperature at the bottom was 9°'0.

Table III., gives the entire set of means in ten-day periods, and Table

IV. the monthly means. The 9 a.m. surface temperatures from this table

are shown graphically in comparison with those of the other stations in

Diagram IV. (Plate XVII.). Observations taken at 12 fathoms at this

station are unsatisfactory ; the thermometer used at that depth appeared

to be sluggish in action, and so read higher in summer and lower in winter

than those at the surface and bottom ; the record of the two latter may
be considered more trustworthy. The results would be more normal, and
several peculiarities in the annual change of temperature would disappear

if we assumed that the temperatures at surface and at 12 fathoms had
been entered in the wrong columns in the book ; but after questioning

the observers and examining the record, I can see no other grounds for

supposing that this could have been done.

The curve of seasonal change of temperature in Diagram IV. is remark-

ably regular with two exceptions. The readings for February and March
1890 seem to be too high, not showing a distinct minimum, and the low
temperature of August is a peculiar break in the uniform rise which the

other two east coast stations (Oxcar excluded) show to have taken place

between May and September. With these exceptions, the curve for the

Carr Rock lies intermediate between those for Abertay and the Bell Rock,
exactly as might be looked for.

The average difference between surface and bottom temperature was



360 Part III.—Ninth Annual Report

0°"2 at 9 A.M. and 0°*1 at 3 p.m., the surface being in each case the

warmer. Taking the monthly means, however, and grouping them into

cold months (December-April and December- March), and warm
months (May-November), the following results appear :

—

Cold Months. Warm Months.
9 A.M. 3 P.M. 9 A.M. 3 P.M.

Surface temperature, . . 5-9 61 10-9 11-2

Bottom . . 61 «-2 10-4 10-6

Difference, . . . -0*2 -01 O'S 0-6

Putting these figures into words. During the cold months of the year

the surface water is from 0°-l to 0°-2 colder than the bottom, and during

the warm months of the year the surface is rather more than half a degree

warmer than the bottom. It is not impossible that such a difference of

temperature may influence the depth at which various species of micro-

scopic pelagic fauna are to be found at different seasons, the presumption

being that in winter they would seek deeper water on account of its higher

temperature. In December 1889 the bottom water averaged 0°*7 warmer
than the surface; or, expressing the difference in the Fahrenheit scale,

1°*3—a difference which might well affect small organisms.

The effect of tide on the variation of temperature at the Carr Rock is

one of some interest, as the flood tide sweeping from the north might be

expected to carry the fresher surface water of the Tay past the ship, rais-

ing the temperature in summer and lowering it in winter, while the Salter

and colder sea water of the North Sea would simultaneously affect the

bottom water. The ebb tide, on the other hand, would carry the Firth of

Forth water of nearly uniform salinity and temperature past the ship. In

winter this should very slightly lower the surface temperature and still

more slightly raise that at the bottom. In summer the reverse effect

would be anticipated. The entire series of observations was sifted out and
rearranged according to tidal phase, as in the case of Oxcar ; in the

following table high water and low water include observations made within

one and a half hours of each event.

NoKTH Carr Light-vessel—Mean Tidal Effect on Temperature.

Surface. Bottom.

Month. High
Water
9 a.m.

Low
Water
3 P.M.

S3.

S3-S9.

Low
Water
9 A.M.

S9.
•

High
Water
3 P.M.

S3.

S3- Sg.

High
Water
9 A.M.
B9.

Low
Water
3 P.M.

B3.

B3-B9.

Low
Water
9 a.m.

B9.

High
Water
3 P.M.

B .

B3-B9.

1889.
,

Dec.
'

1890.

Jan.
Feb.

•

March.
April. ;

May.
June.
July.

Aug.
Sept.

Oct.

Nov.
Dec.
1891.

Jan.
Feb.

;

March.

71

6-2

5-4

57
6-5
9-7

10-6
11-7
11-7

13-0
11-3
9-0

7-4

5-6

5-4

51

7-0

6-2

5-4

5-7
6-8
9-9

10-5
12-4

12-8
13-3
11-5
9-3

7-3

5-3

5-4

5-2

-O'l

o*o

o'o

O'O

o'3
0'2

— O'l

07
II
o"3
0"2

03
-O'l

-0'2
00
O'l

6 '6

6-5

5'6

6'4
6 '2

7'9

10-6
11-5
12-0
12-6

111
8-9

71

6-2

5-3
4 '7

6 '7

6-7

5-6

5-4
6 '5

8-3

10-0

12'1

12-3

12-9

111
8-7

6-5

5-3

5-4
4 '8

O'l

0'2

O'O

O'O

o'S
o'4

-o'6
o'6
0-3

o'3

O'O
-0'2

-o'6

o'l

O'l

O'l

7 '9

6-4
5'6
5 '3

6 '4

7-8
9-4

10 '5

11'7

126
11-6

9-5

8-0

5'3

5-4

5-2

7 '9

6-2

6-8
5-4
6 '3

8'0

9-2

11-4
12 '3

13 '0

11-7
9 '7

7-7

5 '5

5'6

5-2

O'O

-0"2
0*2

O'l

-O'l
0'2

-0'2

o'9

o'6

o'4

O'l
0'2

-o'3

0'2

0'2

00

6-0

6-9

61
5-2

61
7 '4

9'0

10-7
11-8
12-4
11-4
8 '7

7- 4

51
5 '6

4'7

6-5

6'9

61
5 '2

61
7 '6

91
111
11-9

13'0

11'3
9-0

7-3

5-6
5 '6

4-8

O'O

O'O

00
O'O
0'2

O'l

o'4

O'l

o'6

-O'l
o*3

-O'l

O'S
O'O
O'l

Mean, 8-2 8-4 0'2 7-9. 8'0> O'l 8'0
.

8'2. 0'2 7'8 7-9 O'l
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Tliis shows that surface and bottom are on the whole equally little affected

by the tide. When low water occurs in the afternoon, the temperature

at surface and bottom is 0°'2 higher than in the morning. When high

water happens in the afternoon, the excess over the morning temperature

is only 0°*1, showing that, on the whole, the flood tide exercises a cooling

effect.

Grouping the daily range of temperature according to tides and the

season of the year, we find the following results :

—

Surface. Bottom.

Mean Difference.
High Water

9 A.M.,

Low Water
3 P.M.

Sg - Sg.

Low Water
9 A.M.,

High Water
3 P.M.

S3 - Sg.

High Water
9 A.M.,

Low Water
3 P.M.

B3 - B9.

Low Water
9 A.M.,

High Water
3 P.M.

B3 - B9.

Warm months, .... 0-4 0-1 0-3 0-2

Cold months, .... O'O 0-0 0-0 0-1

That is, that when high water occurs at 9 and low water at 3 in the

warm months the heating effect of the sun and of the ebb-water from the

Forth makes the water 0°*4 warmer on the surface and 0°"3 warmer at

the bottom than at 9 a.m. But in the cold months the cold ebb-water

from the Forth completely neutralises the feeble heating effect of the sun,

and no rise of temperature occurs in the afternoon. On the other hand,

when high water occurs in the afternoon in the warm months and low
water in the morning the colder water from the North Sea prevents sun-

heat from raising the surface temperature more than 0°'l in the warm
months, and allows no rise of temperature at all in the cold months. It

is probable that the effect is produced by the warming power of the ebb-

water at 9 A.M. making up for loss by radiation at night, and this would
completely account for the range being greater at the bottom than on the

surface, as the surface is naturally more affected by the fresher ebb-water.

The temperature effect of the Forth is in every way less marked in the

cold than in the warm months.

It is unfortunate that the specific gravity observations made at this

station cannot be utilised. The use of a delicate hydrometer when the

vessel is rolling heavily is very difficult, and on board the lightships

accidents frequently happened. The floating thermometer, the readings

of which are necessary m order to reduce the specific gravity to a standard

temperature, was unsatisfactory, the column having become broken by
an air-bubble.

Bell Bock Lighthouse.—^The Bell Kock, although entirely covered at

high water, presents a wide flat surface at low tide, against which the

waves break heavily when there is any swell or wind. In consequence of

this it would not be easy to take observations as at the Oxcar Lighthouse,

where the sea is usually calm ; but a very ingenious plan has been
adopted to overcome the difficulty. A strong line is carried from the

gallery at the top of the lighthouse, and made fast to a ring fixed to the

outer edge of the rock at a distance great enough to make the angle

comparatively gentle. The thermometer and a bottle weighted with lead,

in order to sink, and covered with rope-work for protection, are hung from
a block which runs freely on the fixed line, and can be lowered and raised
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by means of another line from the gallery. The thermometer dips into

a considerable depth of water even at low tide, and at high water it is

phiced in the most advantageous position possible for recording tempera-

ture, unaffected by disturbing causes.

Observations were commenced on October 26, 1889, and have been

carried on with great care, the record being one of the most trustworthy.

Unfortunately, however, the exigencies of fog-signal duty caused many
gaps in the observations during the winter months, and, as appears from
the record in Table V., many periods of ten days are without observations,

and in several the mean is that of a few days only. The 3 p.m. observa-

tions are less frequent and regular than the 9 a.m. It happens that the

position of the Bell Kock, remote from land influences, prevents any
sudden or great vaiiations in physical conditions from making themselves

felt, and the uniformity of the curve of mean ten-day temperatures in

Diagram I. is of itself a testimony to the correctness of the work as a

whole.

The average temperature of the water at 9 a.m. for 1890 was 9°*0, and
at 3 P.M. 9° '2—figures which accord closely with the readings at the Carr

Rock and at Abertay. For the three first months of 1891 the mean
temperature at 9 a.m. was 5^T, and at 3 p.m. 5°-2. The highest reading

recorded was 14°'6 at 3 p.m. on September 8, 1890, and the lowest 4°*4-

at 9 A.M. on March 27, 1891, the lowest in 1890 being 5°T, showing a

range of 10°
"2, slightly greater than at the North Carr.

The curves of change of temperature show well-marked minima in

March and a distinct maximum early in September, the warming and

cooling of the water taking place between these dates with remarkable

regularity. The record may be taken as giving a fairly accurate view of

the variations in temperature of the North Sea within 10 miles of land,

and those for Avinter are practically the only data on the subject that have

ever been obtained. It is difficult to over-estimate the value of the

physical work done here in a scientific sense, yet greater regularity in

observing, had that been practicable, would have further enhanced its

importance.

As far as can be judged from the comparison of isolated cases, there

was no difference perceptible as a result of tidal phase, but the gaps in

the record made it appear inadvisable to undertake the labour of a com-

plete tidal classification, such as was carried out in the other cases.

The specific gravity observations are equal in value to those of tem-

perature, and are unique in their importance as the only record of the

kind vet obtained. The average specific gravity of the whole period

from October 1889 to December 1890 was 1026'0 (corresponding to

3*37 per cent, of salts) ; that for the first three months of 1891 was
1025*8. No difference appears in the monthly averages between fore-

noon and afternoon observations. The highest specific gravity recorded

Avas 1026-7, on August 9, 1890 ; the lowest, 10247, on February 1st of

the same year. This shows remarkable constancy of salinity. The
curve of monthly mean specific gravity at the Bell Rock, shown in

Diagram III., shows a distinct seasonal variation. It is below the

average from December to June, and above the average from June to

December, the minimum appearing to occur in February and the

maximum in August. Tlie salinity is higher, the range less, and the

variations much more uniform than at any other station. There is no

apparent influence produced by high and low tide, the salinity be'ng

sometimes less and sometimes greater at low tide than at high tide.

This indicates that the comparatively fresh surface-water of the Tay and

the less fresh and more thoroughly mixed water of the Firth of Forth are
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swept north oiid south by the tides, and incorporated with the mas8 of

sea water. In ordinary circimistancos the Bell Eock, although almost

directly opposite the nioutli of the Tay, and distant from it only 8

miles, a[)pears to be quite uualfected by the water discharged. This

suggests the possibility of a salinity limit being traced at a certain dis-

tance from shore, which might possibly separate one species or age of

pelagic organisms from an'.)ther and by affecting, the distribution of fishes'

food, tluis affect the distribution and movement of the lishes also.

Abertay Light-vessel.—This vessel is anchored in about 8 fathoms

of water, the depth varying from 6 to 10 fathoms according to the

tide, at tlie mouth of the Firth of Tay. Its position differs from that

of any of the other stations, most nearly resembling Oxcar, but subject

to much more intense and variable conditions. The tides run very

strongly, and the shifting of the sandbanks on both sides of the entrance

to the Firth must produce corresponding changes in the direction of

the tidal streams. Observations were commenced on June 5, 1889,

and as the observers had been previously trained to similar work, the

series is not only the longest but tlie most trustworthy wliich the

Board has secured. It is also remarkably continuous, the interruptions

being far apart and of short duration. Temperature and specific gravity

were observed for the first few months at 10 a.m. and 4 p.m., latterly

at 9 A.M. and 3 p.m. as at other stations, and they were taken at

surface, 1 fm., 3 fms,, 5 fms., and bottom. The entire series of

readings have been discussed in exceptional detail, and have yielded

many results of interest.

The mean surface temperature from June to December 1889 was
10°'9 at 10 A.M., and 11° -1 at 4 p.m. ; the mean bottom temperature

was 10° -8 and 10° '9 at the respective hours. The mean surface

temperature for 1890 was 8°-9 at 9 a.m., and 9°'0 at 3 p.m. ; the

bottom means at the same hours being 8° "9 and 8°
'9. For the first

three months of 1891, the surface temperature averaged 4°
'5 at 9 a.m.,

and 5°'0 at 3 p.m. ; the bottom temperature at the same times being
4°*7 and 4°*9. This shows an average rise of 0°*2 from 9 a.m. to 3

P.M. on the surface, and rather less than 0°*1 at the bottom; and on
the average the temperature of surface and bottom water is almost

exactly the same. Looked at in the lump, then, the Abertay observations

show very little effect of the sun in raising the temperature of water

through the day, and very little difference at various depths.

The highest surface temperature recorded was 14°'9 at 9 a.m. on
August 10, 1889, the next 14°*5 at 3 p.m. on August 8, 1890. The
lowest surface temperature was 2°'4 on January 10, 1891, the next

to it 3°-4 in March 1891, and 4°-2 on several days in March 1890.

The range of surface temperature is the greatest observed, being 12°'5.

The bottom temperature had a maximum of 14°*5 on August 8, 1889,

and a minimum of 3°-l on March 11, 1891, giving a range of 11° '4.

The curve for monthly mean surface temperature during 1890 is the

most symmetrical of any represented in Diagram IV., showing minima
in the end of winter (January 1890, February, and possibly March
1891), and a maximum in September (the maximum in 1889 was in

August). The fall of temperature was much more rapid than the

rise ; as much heat beiiig lost in three months as had been gained

in five. The ten-day means given in Table I. are deserving of careful

study, and show many relations of an interesting kind. When the

compensating disturbances are allowed for, the monotonous state of

matters that a glance at the mean temperatures might suggest is

found to be very far from correct.
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In order to compare the relation of bottom and surface temperature
at different seasons, the tables enable us to draw up the following

statement :— Cold Months. Warm Months.
9 a.m. 3 p.m. 9 a.m. 3 p.m.

Surface, .... 5*9 6'1 11-5 11-7

Bottom, .... 6 0 6-1 11 '3 11 '5

Difference, S—B, . . -O'l O'O 0*2 0-2

The range between surface and bottom is too small to make it

necessary to discuss the intermediate temperatures.

Thus, in the warm months, the surface water remains 0°-2 warmer
than the bottom on the average, and the whole mass of water is

uniformly warmed by 0°"2 between 9 a.m. and 3 p.m. This is a much
less range for depth than at the Carr Rock, as may be understood

from the shallower water, and it is also a much less range from morning
to afternoon, a fact which does not admit of such ready explanation.

In the cold months, the surface averages 0°'l lower than the bottom
in the morning, but, heating more rapidly, the temperature is equalised

by the afternoon.

The strong tidal effects at such a place necessarily produce changes

of temperature, which to a large extent neutralise each other in the

mean of many observations. The observations were accordingly classified,

as in other cases, into two groups, one including all those which were

taken within about two hours of high water at 9 a.m., and low water

at 3 P.M. ; the other including those taken within about two hours

of low water at 9 a.m., and high water at 3 p.m. Each group comprised,

as a rule, three days in a fortnight, or six days in the month, so

that about half the observations were available for use in the discussion.

The results are expressed as follows in a compressed summary :

—

Abertay Light-vessel—Mean Tidal Effect on Temperature.

Surface. Bottom.

Month. High Low Low High High Low Low High
Water [Water
9 a.m. 3 p.m.

S3-S9
Water
9 A.M.

Water
3 P.M.

S3-S9
Water
9 A.M.

Water
3 P.M B3-BJ

Water
9 A.M

Water
3 P.M.

B3-B9

S9. S3. S9. S3. B9. B3. B9. B3.

1889.

June. 10-0 12-5 2
'5

12-4 10-5 -i'9 9-3 11-4 2'I 11-7 10-0 -17
July. 12-0 13-1 I'l 1

13'1 12-6 11-8 12-9 I'l 13-1 12-6 -o'5
Aug. 13-3 13-9 o'6 13 '7 13'4 -03 13-4 13-6 0"2 13-5 13-3 -0'2

Sept. 13-0 13-3 o'3 12 '7 12-7 O'O 13-1 13'1 O'O 12'7 12 '7 O'O

Oct. 10-7 10-7 O'O 9-7 10-5 o'B 11-1 10-8 -O'S 9-7 10-6 o'9

Nov. 9-5 8-7 -0-8 9-3 9-6 o'3 9-7 9-3 -o'4 8-8 9 '7 o'9

Dec. 7-0 6-2 -0-8 5-5 7-3 T-8 7-4 6-5 -o'9 6-2 7-5 I '3

1890.

Jan. 5-6 5-1 -o'S 5-5 6 1 o'6 6 '4 6-0 -o'4 5-8 6-4 o'6

Feb. 5-0 4-6 -0-4 5-1 6-0 o'9 5-2 5-0 -0'2 5-6 6-1 0-5

Mar. 5-6 6-4 0-8 4-9 5'1 0'2 5 '6 5-8 0'2 5'1 5-3 0'2

April. 6-4 6-8 0-4 6-6 6-1 -O'S 6 '4 6-6 0'2 6-8 6-2 -0-6

May. 8-6 10-0 I '4
9-1 8'1 - I'O 8 '6 9 '5 o'9 9-0 8-0 - I'O

June. 10-1 121 2'0 11-2 9-5 -17 9-8 10-5 07 ll'O 9 '5 -0-5
July. 11-2 12-9 17 12'7 11-4 -i'3 11-3 12-3 I'O 12-4 11-2 - I'2

Aug. 12-1 13-6 I '5
13 '3 12-2 - I'l 12'5 13 '2 07 13-2 12-2 -I'O

Sept. 12-6 13-3 07 13-3 12-7 -0-6 12-7 13-1 0-4 131 130 -O'l
Oct. 11-3 110 -0-3

. lO'l 10-8 07 11-5 11'4 -O'l 10-4 11-0 o'6

Nov. 8-9 8-2 -07 6-7 8-8 2'I 9-6 9-2 -o'4 7'5 9-1 1-6

Dec. 6-9 5-8 - I'l 5 '2 6'7 7'5 6'7 -o'8 5-4 7-1 17
1891.

Jan. 5-2 3-8 -i'4 3 '4 3-8 o'4l 5-3 4-6 -o'7 4-7 4-8 o'l

Feb. 5-1 4-9 — 0'2 4 '8 5-3 0-5 5-1 5-1 O'O 4-9 5 '3 o'4

March. 4-9 4-7 -0'2 3-8 4-4 o'6 50 4-9 -OI 3-9 4-5 o'6

Mean, 8-9 9-2 o*3 8-8 8-9 01 9-0 9'1 O'l 8-8 8'9 O'l

Mean,
(disregarding

sign).
o'9 o'9 O'S 07
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It appears from this table that the average change of temperature

on the surface between morning and afternoon is about a degree, and

the daily range of temperature on the bottom something more than

half a degree. The changes are sometimes in one direction, sometimes

in the other, and the mean of the whole series shows a slight warming
in the afternoon.

The tidal relation of the water is remarkably simple, and affects the

bottom almost equally with the surface. It may be summed up in

the following statement.

In the warm months when high tide occurs in the morning, and
low tide in the afternoon, the water in the afternoon is nearly a degree

warmer than in the morning—the average of the month of June shows

even 2° -25 of increased warmth. But in the warm months, when low

tide occurs in the morning, and high tide in the afternoon, the water

is about three-quarters of a degree colder in the afternoon than in the

morning— the average of the month of June shows this afternoon

cooling to be as much as 1°'8. In the cold months the phenomena are

reversed. When the tide is high in the morning and low in the after-

noon, the water is about half a degree colder in the afternoon than in the

morning—in December as much as 1°'0. When the tide is low in the

morning and high in the afternoon, the water is about three-quarters

of a degree warmer in the afternoon—in December as much as l°-6.

It thus appears that the tidal effect on temperature is stronger than

the solar. In summer, no matter how hot the day may be, the water at

the Abertay lightship cools steadily until the hour of high tide ; in

winter, no matter how cold the night may have been, the water warms
steadily until the hour of high tide. The explanation is simple and
sufhcient. The temperature of the water of the Tay is always higher

in summer and lower in winter than that of the sea, and putting the case

generally, the Abertay light-vessel floats in Tay water at low tide, in

North Sea water at high tide.

The changes of temperature are very marked and must affect St

Andrews Bay to a considerable extent. The period of spring tides,

which here occur in the afternoon, is that at which the effect of the

warming in the forenoon and chilling in the afternoon is most apparent

in summer, the ordinary rise of temperature being checked. At spring

tides in winter, the low tide phase, occurring in the forenoon^ is marked
by great chilling of the water due to the cold outflow of the Tay,

and the high water in the afternoon is marked by a rise of temperature

much greater than that due to the feeble effect of sun heating.

This suggests a method by which it may be possible to detect whether
fluctuations of temperature and salinity (as will be presently explained),

such as actually occur, are sufficient to produce any effect on the move-
ment of fishes. The fishermen about St Andrews Bay and the mouth of

the Tay might be interrogated as to whether they have noticed any
regular variation in the catch according to the state of the tide. The
trawling statistics of the ' Garland ' might also be discussed with regard

to the number and species of the catch at different hours and tidal phases.

Even although no definite information is afforded by such a discussion, it

can hardly fail to suggest further matter for investigation.

The specific gravity observations at Abertay were taken with the same
regularity and accuracy as the temperature, and they have been discussed

with equal detail. On account of the slight difference of salinity with
depth, it was considered sufficient to take account of the intermediate ob-

servation at 4 fathoms only, and instructions have been given to the

observers that in future the three sets of observation—at surface, 4

fathoms, and bottom—will be sufficient.
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The mean specific gravity of surface water for 1890 was 102 3 '5 at 9

A.M. and 1024'1 at 3 p.m., and for the first three months of 1891 it was
1023*9 at 9 a.m. and 1024*3 at 3 p.m. As at Oxcar, the afternoon

salinities were higher than those of the forenoon, and probably for the

same cause. At the bottom the average specific gravity for the whole
period was 1024*5 at 9 a.m. and 1025*1 at 3 p.m. The highest surface

Frilinity was recorded as 1026*6 on July 20, 1889, the highest in 1890
being 1026*1 on August 24. The lowest specific gravity recorded was
1012*6 on January 15, 1890, the nearest approaches on other occasions

being 1017-6 in December 1889 and 1018*0 in February 1891. The
total range was thus 14*0. At the bottom the range was much less,

being 7*5 ; the maximum was 1026*7 on July 20, 1889, and the mini-

mum was 1019*2 on March 21, 1890.

The curves of specific gravity at 10 a.m. are given from Table XV. on
Diagram III, where they may be compared with those of other stations.

The surface and bottom curves run parallel on the whole. When the

surface curve comes to a minimum, on account of the great freshening of

the water, the bottom curve ceases to follow it closely, showing that the

freshening is mainly superficial. On the other hand, when the curves

are at a maximum, they approach each other much more closely than the

average, showing that the surface water has increased in salinity more
rapidly than the bottom water. The curves show a distinct winter mini-

mum and summer maximum, in which they resemble all the other curves

for the east coast ; but the much greater range of the Abertay surface

curve enables us to trace the seasonal variations more readily than in

the other cases. Well marked maxima occurred in July 1889 and Sep-

tendjer 1890, and a small maximum also appears in January 1891. The
minima are in January 1890, when a spell of three months of low salinity

began, and in November 1890, when the minimum was abrupt and short.

Tiie exact fluctuations of salinity at any station must depend greatly

on the rainfall for a few mo^iths previously and on the direction of the

wind, so th-it annually recurring maxima and minima may be dis-

placed considerably in successive years and yet be substantially similar

in character.

The specific gravity results classified according to tidal phase for sur-

face and bottom are as follows :

—

[Table
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Abertay Light vessel—Mean Tidal Effect on Specific Gravity.

Surface. Bottom.

iVlUiM 1 Xl. High Low Low High High Low Low High
Water
9 a.m.

Water
3 P.M.

Water
9 A.M.

Water
3 P.M.

So- S«
Water
9 A.M.

Water
3 P.M.

Water
9 A.M.

Water
3 P.M.

R R

S9 S3. S9. S3. B9. B3. B9. B3.

looy.

J line. 2.5-9 23-4 2*5 23-5 25-6 2-1 26-1 25-2 0-9 24-5 26-0 I "5

0 11 IJ . 26-4 25-1 1*3 25-0 26-1 i-i 26-5 25-9 06 25-4 26-4 I-o

Aug. 26-3 24-9 I "4 22-6 25-9 3"3 26 3 26-1 0-2 23-7 26-3 2-6

oepi. 25-8 23-9 1-9 22-6 25-9 3"3 26-1 25-1 i"o 23-7 26-1 2-4

\Jyy\i. 25-7 24-0 17 21 -6 25-5 3 "9 25-8 24-9 0-9 23-2 25-7 2-5
"Vavov. 25-9 22-9 3'o 20-9 25-7 4-8 25-8 25-5 o"3 23-4 25-9 2-5

25-7 22-1 3-6 20-6 25-6 5"o 25-9 24-5 I '4 23-2 25-8 2-6
1 son

J SiR. 24-4 15-9 8'S 18-9 25-2 6-3 25-6 24-4 1-2 22-1 25-6 3-5

r CD. 25-1 22-0 31 18-5 25-2 67 25-1 23-0 2"I 21-5 25-8 4*3
March. 24-9 19-9 5*0 18-9 24-9 6-0 25-5 24-8 o'7 22-6 25-4 2-8

April. 25-3 22-8 2-5 21-9 25-6 37 25-5 24-4 i-i 23-5 25-6 2-1

May. 25-5 22-7 2-8 22-2 25-2 3"o 25-7 24-1 1-6 23-2 25-7 2-5

June. 00.7 27 9.7.0
iio 0 3'o iii> 0 0 I "I OQ.fi0 1-9

July. 25-7 22-6 3"! 21-4 25-4 4-0 25-9 24-2 17 22-7 25-6 2-9

Aug. 2.5-7 23-6 2-1 22-7 25-8 3'i 25-8 25-2 0-6 23-9 25-9 2-0

Sept. 25-6 23-7 1-9 22-8 25-8 3*o 25-8 25-1 07 23-9 25-8 1-9

Oct. 24-8 21-5 3
'3

20-4 25-2 4-8 25-5 24-5 i-o 22-4 25-4 3-0
Nov. 23-9 20-4 3'S 15-2 24-9 97 25-2 24-1 I'l 18-7 25-3 6-6

"Dec. 24-4 22-0 2-4 21-2 25-0 3-8 25-0 23 9 IT 22-7 25-0 2-3

1891.

Jan. 25-2 23-7 1*5 22-7 25-1 2-4 25-2 24-5 07 23-3 25-2 1-9

Feb. 24-9 20-4 4"5 21-3 25-2 3 '9
25-2 24-3 0-9 22-6 25-3 2-7

March. 25-3 21-8 3-5 21-1 24-9 3-8 25-3 23-9 I "4 22-6 25-2 2-6

Mean. ;
25-4 22-4 3"o 21-3 25-4 4'i 25-7 24-7 i-o 22-6 25-7

1

3-x

( High Water, 9 A.M B9-S<)=0-3. ( Low Water, 9 a.m Bo-Sg=l-3.
) LoW Water, 3 p.m B3- 83=2-3. (High AVater, 3 p.m B3- 83=0-3.

This shows us that the range of salinity is much greater for tlie after-

noon high water (spring tides) than for the morning high water (neap
tides). On the surface the specific gravity for high water, at whichever
hour it occurred, was 1025*4; but the afternoon low water (neap) only
fell to 1022-4, giving a range of 3'0, v/hile the morning low water (spring)

fell to 1021-3, giving a range of 4-1. The ebb tide is thus the more
powerful agent in atfecting surface salinity. In other words, the river water
brought down by the ebb is more powerful in changing surface conditions

than the sea water brought up by the flood. Hence we would expect
that the range of temperature, already discussed, is brought about by the
lowering of the morning temperature in winter, and the raising of the
morning temperature in summer, more than by any great disturbance of

the afternoon temperatures. That the ebb tide in such an estuary as the
Tay is stronger than the flood can be readily understood from the great

volume of fresh river water, the downward current of which is dammed
back at Perth by the flood tide and released when the ebb sets in.

The bottom water also attains the same salinity at high tide^ whether
the tide be flood or neap, its specific gravity being 10257. At low
water springs (L.W. 9 a.m.) the range at the bottom between high
and low water is S'l, at low water neaps (L.W. 3 p.m.) the range is

only 1*0. This demonstrates the much greater influence of the tide in
affecting the conditions of the upper than those of the lower layers of
water. At high water, whatever hour it occurred, the average difference

in specific gravity between surface and bottom was 0.3 ; but at low water,
at 9 A.M. (springs), the ditferetice was 1*3, and at low water at 3 p.m.

(neaps) the average difference was as great as 2-3. This resulted from
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the very much greater specific gravity of the bottom water at low water
neaps, the ebb affecting only the surface layers. During spring tides,

with the stronger ebb, the freshening effect of the river water is carried

down to the bottom.

It is impossible in a report of this nature to enter exhaustively into all

the interesting questions which are suggested by the records of tempera-
ture and specific gravity taken at Abertay. The summaries of ten-day
means. Tables I. and XIV., and of monthly means. Tables 11. and XV.,
published in this Report will repay study, and the bulky record of the
individual observations remains available for more detailed discussion if a
suitable occasion should offer.

'Garland' Trawling Stations in Firth of Forth.

Table IX. presents in a concise form the observations made on the
* Garland ' in the course of regular monthly trips in which each of the

trawling stations marked on the map (Plate XVI.) were visited. The
observations were made at each end of the station, and of course at

various hours. They possess special value on account of being made by
experienced observers, and if continued for some years they will be of the

utmost service in determining the regular seasonal variations of tempera-

ture over the fishing grounds. The time at disposal for drawing up the

present Report prevents me from dealing so fully with this part of the

work as I should have liked, but in many ways the detailed consideration

of the figures will come most appropriately in connection with the work
done on the ' Jackal ' and ' Vigilant ' on different parts of the coast.

One feature of these observations is however so novel and interesting

that it may be referred to here in^some detail. This is the measurement
of transparency. Transparency of the water is measured by sinking a

white enamelled disc about 3 feet in diameter until it just ceases to be

visible. The depth of visibility depends partly on the amount of sun-

light, which varies with the altitude of the sun, and on the amount of

suspended matter in the water. Part of the suspended matter is composed
of mud particles and sediment of various kinds carried in by rivers, and
the fresher the water the greater is its amount. Part consists of small

organisms such as diatoms, copepods, &c. To distinguish between these

there are as yet no available data, but the general bearings of transparency

come out distinctly enough. The figure for transparency is the number
of fathoms at which the disc ceases to be distinctly visible.

Low Sun. Half-Year. High Sun. Half-Year.

o Eastern End of Western End of Eastern End of Western End of
H

m
Station. Station. Station. Station.

Max. Min. Mean. Max. Min. Mean. Max. Min. Mean. Max. Min. Mean.

I. 35 1-5 2-4 3-0 1-5 1-9 5-3 1-5 3-5 3-5 1-0 2-4

II. 3-5 1-5 2-5 3-0 1-8 2-5 4-5 1-5 3-4 4-6 1-5 3-2

III. 2-5 1-5 2-0 3-0 1-0 1-9 4-5 1-0 2-4 6-5 1-0 2-4

IV. 2-0 0-8 1-8 2-0 0-8 1-6 3-0 1-0 2-0 2-5 1-0 2-0

V. 5-0 2-8 37 4-0 3-0 3-8 6-5 2-5 4-8 6-5 2-3 4-6

VI. 4-0 1-5 2-6 40 1-8 2-7 5-5 2-5 4-1 5-0 2-0 4-1

VII. 4-0 1-5 2-7 2-8 1-5 2-0 5-0 2-6 3-6 4-0 1-5 2-6

VIII. 6-0 2-8 4-1 4-0 3-0 3-3 8-5 2-5 .5-8 5-0 2-0 3-8

IX. 6-5 2-5 4-4 5-5 3-0 4-3 11-5 2-8 6-5 8-5 4-5 6-6

Mean,
i

2-9 2-6 4-0 3-5

Mean of all Low Sun Transparencies 2 '8.

„ „ High Sun „ 3-8.
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The season of greatest rainfall and most frequent storms falling in the

low-sun period of the year tends to diminish the transparency of the water,

and the greater dryness and calmness of the summer tend to increase the

transparency apart from the greater penetrating power of the sun's rays

from its high altitude and the clear sky. At the eastern end of each of

the trawling stations the transparency is greater than at the western end,

indicating that the chief cause of turbidity in the water comes from the

west or riverward part of the Firth.

Station IX. stands by itself in being fairly outside the Firth of Forth,

and the average transparency is nearly the same at both ends, averaging

4J fathoms in winter and 6J fathoms in summer. In both seasons it is

higher than at any other station for t?ie same period, and the fact of the

disc being visible 2 fathoms deeper in summer is probably mainly due to

the greater altitude of the sun.

The east end of Station VIII. conies close to the west end of Station

IX., and the transparencies are about the same, but the west end coming
near the shore at Canty Bay shows much less transparency. This may
be due in part to dust blown olf the roads and fields by the prevailing

south-westerly wind, which may often be seen tinging the water for a

considerable distance from shore.

The east end of Station VII. comes near the west end of Station VIII.,

and has a transparency slightly less ; its western end, near Fiddra, shows
still slighter transparency.

Station VI. is short, and the transparency of the water is the same at

both ends, each being equally distant from the coast of Fife.

Station V., stretching along the axis of the Firth, at the greatest

possible distance from land, presents some features of interest. The
transparency is practically the same at both ends, a fact of no small

importance when taken in connection with the transparency being con-

siderably greater than that at either VI. or VII. It shows that the

turbidity of the water in the seaward portion of the Firth comes from the

shores on the south and north, and is not carried down the middle of the

channel by the tide from the muddy reaches of the Forth estuary.

The eastern ends of Stations I. and III. are near Inchkeith, and in

both the transparency is the same, 2 fathoms in winter and 2J fathoms
in summer. At the eastern end Station I. has water of greater trans-

parency, but that of Station II. near the south shore of the Firth is the

same as at its eastern end.

Station II., curving round Largo Bay on the north, and Station IV.,

curving round Aberlady Bay on the south, are uniform in transparency

at the two ends, but the transparency is greater in the former.

Classifying the mean results we find that in the axis of the Firth at

the farthest distance from land the depths to which a white disc is visible

are as follows :

—

Off Inch- Between Sts.

keith. Elie Ness Off Isle VIII., E.

Sts. I.,W. and Fiddra. of May. and Open Sea.

III., W. St. I.,E. St. v., W. St. v., E. IX., W. St. IX.,E.

Summer, . 2-4 3-5 4-6 4 '8 6-2 6 '5

Winter, . 1-9 2-4 3 8 37 4-2 4-4

Range, . 0-5 11 0*8 I'l 2*0 2-1

This shows a steady increase in transparency, and an increasing range

between the penetrating effects of a low sun and a high sun.

Contrasting with these the observations along the north shore we
have :

—

2 a
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Off Inch-
keith. Kirkcaldy. Leven. St Monans. Anstruther.

St. I., W. St. II. W. St. II., E. St. VI., W. St. VI., E.

Summer, . . 2*4 3-2 3 '4 4*1 4*1

Winter, . . 1*9 2*5 2-5 27 2-6

Range,. O'S 0-7 0*9 1-4 I'S

and with those along the south coast :

—

S.-W.
Off Mussel- Fiddra. North of Bass

.

burgh. Aberlady. St. VII., of Bass. St. VIII.,

St. IV., W. St. IV., E. III., E. W. St. VII. E., W.
Summer, . 2*0 2-0 2-4 2-6 3-6 3*8

Winter, . 1*6 1 '8 2-0 2-0 27 3-3

Range, . 0-4 0-2 0-4 0*6 0-9 0-5

This comparison shows that the water is clearest along the axis of the

Firth, increasing rapidly in transparency toward the sea ; and that in this

region the range of transparency between summer and winter is very

marked. Along the north shore the transparency is somewhat less, and

the range between the limits of visibility in summer and winter is less.

Along the southern shore the transparency is much less, and the increased

power of the summer sun produces the least increase in the depth of

visibility, which was anywhere observed.

The bearing of transparency of water on the amount of light pene-

trating into the depths on practical fisheries is considerable. Probably

the fish in the centre and north side of the Firth can see further through

the water than those on the south side, and one might even venture the

suggestion that nets would escape detection more readily on the south

side than on the north. It might be worth while to compare the species

and numbers of fish caught with these very clearly marked differences of

transparency.

Observations on the West Coast.

There are as yet only two stations in the Clyde Sea Area where observa-

tions of temperature have been carried on for a little over a year

—

Ardrishaig and Brodick ; and two stations on neighbouring lochs where
the work was begun in January 1891—West Loch Tarbet and Loch Ryan.

The two latter call for no remark here as the observations have not been

continued long enough to allow one to judge of their value. The ten-

day means are given in Table VIL, the monthly means in Table VIII.

The other observations are, however, full of interest, and cast much light

on the contrast betw^een the physical condition of the water in the Clyde
sea area and on the east coast.

Ardrishaig.—Observations commenced here on 20th January 1890,

and have been continued with great regularity. The surface temperature

is observed at 8 a.m. and 3 p.m. from the north-eastern end of the stone

pier, where the depth of the water at low tide is about one fathom. The
situation is the best available, being always in the shade, and therefore little

affected by the heating of the stonework in summer. There is reason to

fear, however, that the minimum temperatures recorded in winter are too

low, the water being probably chilled by contact with the cold masonry.

Loch Gilp, at the mouth of which Ardrishaig is situated, is a short branch

from Loch Fyne, or rather a prolongation of what I have elsewhere*

termed the Central Arran Basin. The water is shallow, and at the upper

end of the loch very extensive sands are uncovered at low tide. Hence
at ebb tide the water, which is carried past Ardrishaig Pier, is probably

chilled in winter and heated in summer in consequence of having been

* ' On the Physical Conditions of the Clyde Sea Area,' read to the Royal Society of

Edinburgh, May 1891, and recommended for publication in the Transactio7is.
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spread in a shallow layer over the sand, and therefore the range of tem-

perature obtained is probably greater than that of the more open water of

the Arran Basin and Loch Fyne, in which fishing is carried on. This is

not altogether a drawback, as the great range gives prominence to the

seasonal variations, and suggests points for further investigation.

The average temperature for 1890 was 9°*4 at 9 a.m. and 9°
"8 at

3 P.M
;
figures which are about half a degree higher than those observed

on the east coast, and for the first three months of 1891 the morning
temperature averaged 5°

"9, the afternoon temperature being 6°*1. The
average range between morning and afternoo 0°'4, was equal to that at

the Oxcar Lighthouse, and greater than any other on the east coast.

The highest temperature recorded in 1890 was 16°-1 at 3 p.m. on
August 1st, the lowest 3°'6 at 9 a.m. on February 14th. In 1891 on
several days the temperature was given as 0°'6, but this was almost

certainly due to local cooling. Taking the year 1890 alone we find the

total range between summer and winter to be 12°'5, a range only equalled

by that at the Abertay Light-vessel. The curve of ten-day temperature

means for 9 a.m. (Diagram II. Plate XVII.), shows considerable irregularity

in the changes of temperature, but presents a well marked maximum in the

beginning of August, and equally distinct minima at the end of winter,

these occurring in the middle of February 1890 and in the beginning of

January 1891.

The curve of monthly means on Diagram IV. is regular on the whole,

but its form suggests that the mean for May 1890 is rather too high, and
that for July in the same year rather too low. It brings out very clearly

the August maximum and the February or January minimum.
The daily range of temperature from morning to afternoon in the warm

months—May to October—was, on the average of the monthly means,
0°-45, and in the cold months—November to April— it was only 0°-24,

showing that the heating effect of the sun in summer is twice as great as

in winter.

It seems undesirable ^to classify the west coast observations with
respect to the tides until there is a greater quantity of material to work
upon. The tidal efi"ect does not seem from the observations to be nearly

so important as on the east coast.

Brodick.—Observations were commenced at Brodick on April 14, 1890,
and to suit the convenience of the observer, they are made daily, at 10
A.M. and 4 p.m., referring to surface-water only. The situation is a

peculiarly favourable one, being the head of a light iron pier, which pro-

jects into deep water on the south-east side of Brodick Bay. The sea

sweeps freely between the slender pillars which support the pier, and
there seems to be nothing to modify the natural variations of surface

temperature of the eastern division of the Arran Basin. The average

temperatures for the nine months of 1890 were 9°*8 at 10 a.m. and 10° '3

at 3 p.m. This is higher than the temperatures recorded for Ardrishaig, but

the two sets are not strictly comparable, as the three coldest months are

omitted from the Brodick observations, and the latter being taken an hour
later, the morning results will be naturally a little higher. In the first

three months of 1891 the Brodick means were 6°'3 for 10 a.m. and 6°-6

for 4 p.m., results very distinctly higher than those for Ardrishaig, more
so than would be accounted for by the difference in the hour of observa-

tion, since the Brodick morning temperature was higher than that of

Ardrishaig in the afternoon.

The highest temperature recorded at Brodick was 15°'0 at 4 p.m. on

several occasions in July, August, and September. The minimum was
4°-0 on March 11, 1891, at 10 a.m. These results are much less ex-
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treme than those for Ardrishaig, and the range, which is only 11°*0, is

smaller than at Ardrishaig, and nearly equal to that at Oxcar.

The daily range of temperature between forenoon and afternoon was
0°'5 for the nine months of 1890, and 0°'3 for the three months of 1891.

Classifying the results for different seasons, we find that for the warm
months an average range of 0°'7, and for the cold months only 0°'3.

Contrasting this average range for summer with that of Ardrishaig, where
the conditions all point to a more marked difference being produced, we
are led to consider why Ardrishaig should be so much less affected by
summer sun-heating than Brodick. The reason seems to me to be that at

Brodick the water along the shore comes, as a rule, from the surface of

the wide East Arran Basin, except possibly in the case of a strong offshore

wind. Near Ardrishaig, on the other hand, there is a strong up-welling

of the deep layers at the narrow entrance to Loch Fyne, off the Otter

Spit, on account of the tumultuous rush of the tides through that narrow

channel, as I have proved in my paper on the ' Clyde Sea Area,' already

referred to. This deep up-welling water tends not only to keep the

salinity on the surface greater at Ardrishaig than at Brodick, but to

equalise the temperatures at all times of the year, thus largely neutralising

the effect of the great expanse of heated sand at the head of Loch Gilp in

summer.
At Brodick the changes in temperature, according to the season, went

on much more uniformly than at Ardrishaig. This is well shown in the

curves composing the two sets of observations. The maximum was
reached in August, but the limits of the curve do not show the minima
satisfactorily.

The water off Brodick may be taken as, in all respects, the warmest at

every season of the year in which observations have been made, and as

presenting the most complete contrast in every way with the stations on
the east coast.

It is probable that in a few months the data available for a complete

account of the temperature of the Clyde sea area will be greatly increased,

as I am at present engaged in discussing the very numerous observations

made during five years by the Scottish Marine Station. At present it

would, therefore, be unprofitable to enter more deeply into this part of the

subject.

West Loch Tarhert and Loch Ryan.—At these lochs, the observations

being recently commenced, cannot yet be looked on as altogether satis-

factory. The mean temperature at Loch Ryan at 9 a.m. for the first three

months of 1891 was 5°"0, much lower than either Brodick or Ardrishaig

in the same months. Only at Oxcar and Abertay was the average tem-

perature any lower. At West Loch Tarbert the observations are made at

3 P.M., and the average was 5°
'4 for the three months, being equal to that

at the North Carr Rock, and much less than on the two stations on the

Clyde sea area. Allowing for the difference of hour, the two lochs had
practically the same mean temperature, which is a degree lower than the

mean of Brodick and Ardrishaig.

The important oyster fisheries of the two lochs gives special interest to

the temperature observations. It will be necessary to continue the ob-

servations for a year at least before any comparison of the conditions with

those of other places can be made, and for a much longer time in order

to determine whether any differences that may appear are permanent or

temporary.
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TABLE I.—TEMPERATURE OF WATER.
ABERTAY LIGHT VESSEL.

Observations, 9 a.m. Observationa, 3 p.m.

Air. Surf. 1 fni 3 • • Bot Air. Surf. Ifm. 2 inis. 0 tins. Bot.

140 10-7 10-0 9-9 9-6 9-5 13-5 12-0 11-7 11-2 11-0 10 7
15-2 11-4 11-2 111 10-4 10-3 15-1 10-5 10-0 9-7 9-9 9-8
16-6 12-0 11-9 11-6 11-4 11-3 18-4 12-2 12-3 11-8 11-6 11-7
15-2 12-2 12-0 11-9 11-8 11-7 16-4 12-2 12-1 121 120 12-0
14-0 12-5 12-5 12-6 12-4 12-4 17-0 12-0 12 1 12-2 12-0 121
16-0 13-1 13-0 12-9 12-8 12-8 18-2 13-5 12-9 12-9 12 8 12-8
15-7 13-9 13-8 13-6 13-6 13-6 18-0 14-0 13-8 14-0 13-8 13-8
14-3 13-8 13-7 13-7 13-5 13-5 10-6 13-8 13-6 13-6 13-4 13-4
14-4 13-5 IS -3 13-3 13-2 13-2 17-6 13-7 13-4 13-4 13-3 13-3:
14-6 13-7 13-6 13-5 13-5 13-4 16-8 13-8 13-6 13-5 13-4 13-4
13-4 13-4 13-4 13-4 13-4 13-4 14-8 13-4 13-3 13-3 13-3 13-3
9-6 11-2 11-4 11-6 11-6 11-7 11-9 12-0 11-9 12-0 12-0 12-0
9-9 11-0 10-8 10-8 10-9 10-9 12-3 11-3 11-2 111 11-1 111
9-1 10-6 10-5 10-6 10-7 10 7 110 10-6 10-7 10-7 10-7 10-8
7-4 9-4 9-5 9-6 9-6 9-6 9-2 10-1 10-0 10-1 10-1 10-2
8-9 9-6 9-4 9-2 9-2 9-2 10-0 9-6 9-4 9-5 9-6 9-6
8-2 9-6 9-8 9-6 9-6 9-6 9-4 9-6 9-5 9-6 9-6 9-6
5-1 8-6 8 3 8-4 8-6 8-5 6-1 8-8 8-7 8-8 8-8 8-9
4-5 6-8 6-8 7-0 7-2 7-3 5-6 7-5 7-5 7-6 7-7 7-7.

6-1 6-7 6-9 7-0 71 7-2 5-8 6-6 6-4 6-5 6-6 6-6
4-7 6-1 61 6-2 6-3 6-4 5-8 6-6 6-6 6-8 6-9 6-9

6-4 6-9 5-8 6-0 6-2 6-3 7 0 6-4 6-4 6-6 6-6 6-7

6-1 6-4 6-3 6-4 6-6 6-7 7-2 6-3 6-2 6-3 6-4 6-6
4-3 5-5 6-6 5-7 6-8 5-9 6-3 5-4 6-6 5-7 5-8 6-9
4*2 5*4 6*5 5 '7 5-7 5-7 7*0 6-0 6-0 6-0 6*0 o u
S-6 5-2 5-3 5-3 5-4 5-4 6-7 5-2 6-3 5-3 6-3 5-3
2-6 5-0 5-0 5-0 6-0 5-0 3-3 4-8 4-8 5-0 6-1 51
3-6 4-6 4-5 4-5 4-6 4-6 6-5 4-9 4-9 4-9 4-9 4-9
7*0 0 O 0 O 5-6 0 O O 0 O 0 6-0 6-8 6-7 o 6 6*6'

6-6 6-0 6-8 6-8 5-8 5-8 8-0 61 5-9 6-9 6-9 5-9
6-6 6-5 6-4 6-3 6-3 6-2 9-0 6-3 6-1 6-1 61 6-1
6-8 6-3 6-3 6-3 6-3 6-2 9-1 6-4 6-3 6-3 6-3 6-2
9-0 7-0 6-9 6-9 6-9 6-9 11-3 7-3 7-3 7-1 7-1 7-0
9-7 8-8 8-5 8-4 8-4 8-4 10-4 8-1 8-0 8-0 7-9 7-8

120 8-4 8-7 8-6 8-4 8-4 121 8-9 8-8 8-6 8-6 8-6

121 9-8 9-7 9-6 9-5 9-6 14-3 9-9 9-6 9-4 9-4 9-4
13-2 10-3 10-2 10-1 lO'O 10-0 14-5 9-9 9-7 9-6 9-5 9-3

14-2 11-2 HI 10-9 10 7 10-7 15-5 10-7 10-6 10-4 10-4 10-2;
15-4 10-9 10-8 10-6 10-5 10-4 171 11-6 11-4 110 10-9 10-9
14-8 11-8 11-5 11 5 11-4 11-4 15-2 11-5 11-4 11-4 11-3 11-3
15-5 12-6 12-5 12-2 12-0 11-9 16-7 121 12-0 11-9 11-8 11-8

161 12-0 11-9 11-8 11-7 11-6 17-9 12-4 12-2 12-0 11-9 11-9
15-0 12 5 12-5 12-4 12-4 12-4 19-4 12-7 12-6 12-6 12-6 12-6
13-7 13-4 13-5 13 4 13-4 13-3 15-7 13-2 131 13-0 130 13-0

11 1 12-6 12-6 12-6 12-5 12-5 16-1 12-8 12-7 12 7 12-7 12-7
,

15-3 12-8 12-7 12-5 12-5 12-5 19-7 131 13-0 12-9 12-8 12-8
13-7 13-6 13-6 13-5 13-4 13-3 16-5 13 0 131 13 1 13 1 131
12-6 13 0 13 1 13-0 12-9 12-9 15-5 13-3 13 1 13-0 130
12-3 12 0 120 12 1 121 12 1 14 1 12-2 12-2 12-2 12-2 12-2

104 11-3 11-3 11-2 11-2 11-2 11-8 11-6 11-5 11-5 11-6 11-5

8 1 10-0 9-9 10-0 10-0 10 0 10-5 10-4 10-4 10-5 10-5 10-5
7-0 8-8 9-3 9-4 9-5 9-6 8-8 91 9-2 9-4 9-6 9-6

6-7 7-9 8-0 8-4 8-5 8-5 8-4 8-8 91 9-3 9-3 9-3
4-6 7-7 7-7 7-7 7-7 7-7 6-7 8-6 8-6 8-6 8-6 8-7

5-8 7-2 7-4 7-6
.
7-7 7-8 6-2 7-2 7-4 7-5 7-6 7-6

2-7 6-4 6-6 6-6 6-8 6-8 3-5 6-5 6-7 6-9 7-0 7 0
2-5 6-6 6-8 5-7 5-8 6-9 3-3 6-2 6-2 6-3 6-4 6-4

19 4-3 4-6 4-7 5-0 51 2-9 4-7 4-7 4-8 4-9 4-9
2-8 4-8 4-7 4-7 4-7 4-7 4-3 4-7 4-6 4-7 4-8 4-8
3-7 4-2 4-1 41 41 41 5-4 4-7 4-6 4-6 4-6 4-6
6-1 4-2 4-9 5-0 5-0 6-0 7-5 5-2 6 1 5-1 5-2 6-2
4-9 5-2 6-1 5-1 5-1 6-1 8-3 6-3 6 1 5-1 51 5 1
3-7 6-0 4-9 5-0 5-0 5-0 8-9 5-4 5-2 6-2 6-2 6-2
3-8 60 4-8 4-8 4-8 4-8 6-4 5-7 6-5 6-5 6-5 5-5
2-5 4-1 4-0 4-0 4-0 4-0 6-7 4-5 4-5 4-5 4-5 4-5
3-9 4-2 4-2 4-2 4-2 41 6-6 4-7 4-6 4-5 4-5 4-5

Ten-day Period.

1889.

June 1-10

„ 11-20

„ 21-30
July 1-10

„ 11-20

,, 21-31
Aug. 1-10

„ 11-20

„ 21-31
Sept. 1-10

„ 11-20
21-30

Oct. 1-10

„ 11-20
21-31

Nov. 1-10

„ 11-20

,, 21-30
Dec. 1-10

,, 11-20

„ 21-31
1890.

Jan. 1-10

„ 11-20

„ 21-31
Feb. 1-10

„ 11-20

„ 21-28
Mar. 1-10

,, 11-20

„ 21-31
Apr. 1-10

„ 11-20

„ 21-30
May 1-10

„ 11-20

„ 21-31
June 1-10

,, 11-20

„ 21-30
July 1-10

„ 11-20

„ 21-31
Aug. 1-10

11-20
21-31

Sept. 1-10
11-20

„ 21-30
Oct. 1-10

,, 11-20

„ 21-31
Nov. 1-10

,.
11-20

„ 21-30
Dec. 1-10

„ 11-20

„ 21-31
1891.

Jan. 1-10
11-20

„ 21-31
Feb. 1-10

„ 11-20

„ 21-28
Mar. 1-10

11-20

„ 21-31
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TABLE II.

—

Tj:mperature of Water—Abertay Light Vessel.

Monthly Means.

Observations, 9 a.m. Observations, 3 p.m.

Month.

Air, Surf. 1 fm. 3fms. 5fms. Bot. Air. Surf. 1 fm. 3fms. 5 fms. Bot.

June 14'9 11 4 110 10-9 10-5 16-7 11-6 11-3 10-9 10-8 10-7

July 15*1 12-6 12-5 12-4 12-3 12'3 17-2 12-6 12-4 12-4 12-3 12-3

August 14 '8 13-7 13-6 13-5 13-4 13 '4 17-4 13-8 13-6 13-6 13-5 13-5

September o 12-8 12-8 12-8 12-8 14-5 13-0 12-9 12-9 12-9 12-9

October o o 10-3 10-3 10-3 10-4 10-8 10-7 10-6 10-6 10-6 10-7

November 7 4 9-2 9-2 9-1 9-1 9"1 8-5 9*3 9 2 9-3 9-3 9-4

December 4-5 6 5 6*6 6-7 6*9 7-0 5-7 6 '9 6-8 7-0 71 7-1

1890.

January O 0 5-9 5-9 6-0 6-2 O O 6-8 6-0 61 6-2 6-3 6-4

February 3-5 5-2 6-3 5-3 5-4 6-4 5-7 5-3 5-4 5-4 5-5 5-5

March 57 5-4 6-3 5-3 5-3 5*3 7-7 5-7 5-5 5-5 5-5 5-5

April 7-5 6-6 6-5 6-5 6-5 6-4 9-8 6-7 6-6 6-5 6-5 6-4

May 11-3 9 1 9-0 8-9 8-8 8-8 12-3 9-0 8-8 8-7 8-6 8-6

June 14-3 10-8 10-7 10-5 10-4 10-4 15-7 10-7 10-6 10-3 103 10-1

July 16-5 12-1 12-0 11-8 11-7 11-6 16-6 120 11-9 11-8 11-7 11-7

August 13 3 12-8 12-8 12-8 12-8 12-7
. 17 1 12-9 12-8 12-8 12-8 12-8

September 13-9 13 1 13 1 13 0 12-9 12-9 17-2 13 1 13 1 13-0 13-0 13-0

October 10-3 11 1 11 1 11-1 11 1 11 1 12 1 11-4 11-4 11-4 11-4 11-4

November 6 1 8-1 8-3 8-5 8-6 8-6 7-6 8-8 9-0 91 9-2 9-2

December 3-7 6-4 6-6 6-6 6-8 6-8 4-3 6-6 6-8 6-9 7-0 7-0

1891.

January 2-8 4-4 4-5 4-5 4-6 4-6 4-2 4-7 4-7 4-7 4-8 4-8

February 4-9 4-8 6 0 5-0 6-0 5-1 8-2 5-3 5-1 5-1 5-2 6-2

March 3-4 4-4 4-3 4-3 4-3 4-3 6-5 6-0 4-9 4-8 4-8 4-8
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TABLE III.

—

Temperature op Water—North Carr Rock
Light Vessel.

Ten-day Period.

Observations, 9 a.m. Observations, 3 p.m.

Air. Surf. 12 fms. Bot. Air. Surf. 12 fms. Bot.

1889.

Nov. 21-30 6-0 8-3 8-9 9-2 6'1 8-6 8-9 9-3

Dec. 1-JO 6 1 6-8 7-7 7-5 6*1 6-7 7-6 7-9

„ 11-20 5-8 6-9 7-4 8-1 7*0 7-0 7-5 7-8

„ 21-31 5-9 6-9 6-9 7-3 6"1 6-9 6-9 7-2

1890.

Jan. 1-10 7-8 6-9 6-5 7 1 8*0 7-0 6-7 7-2

,, 11-20 7-0 6-8 6-6 6-8 7 "2 6-9 6-5 6-8

„ 21-31 5-0 6-0 6-0 61 5*5 6-9 6 1 6-2

Feb. 1-10 5-6 5-7 6-2 6-3 1 .rt
/ K) 5-8 6-4 6-4

„ 11-20 5-3 5-7 6-7 5-9 5 "8 5-7 6-8 6-0

21-28 4-4 5-4 5-3 5-7 6 1 5-5 6-4 6-7

Mar. 1-10 4-4 5-2 5-0 50 5*6 5 1 5-2 5-2

„ 11-20 4-4 5-7 5-3 5-2 7 '3 6-8 §•6 6*3

,. 21-31 7-2 G-0 6-7 5-4 6 '7 5-9 6-6 5-3

Apr. 1-10 10-0 6-3 6-2 6 1 9 "5 6-5 6-3 6-2

„ 11-20 6-7 6-3 6-2 6 1 6*7 6-5 6-2 6-2

„ 21-28 9-5 6-9 6-9 6-7 11*1 7 1 7 1 6-7

May 1-10 7-8 7-8 7-7 7 1 8"9 8-2 7-9 7 1

„ 11-20 8-6 8-7 8-2 7-3 lU yj 8-9 8-1 7-6

„ 21-31 8-9 9-8 91 8-1 12*5 9-9 9-3 8-4

June I-IO 14-2 10-0 9-9 9 3 15 "4 10-1 9-8 9-3

„ 11-20 13-9 10-5 10 0 9-6 14 '4 10-8 10-6 9-4

„ 21-30 13-9 111 10-7 9-4 15 "0 11 0 10-8 9-5

July 1-10 14-0 11-4 11 0 10-5 14 "4 12-0 11-5 11 0

„ 11-20 15-0 11-7 11-0 10-2 14 '4 12-6 11-8 11-3

21-31 14 "7 12 "2 11 7 10'6 17 "3 12'9 12 7 11 o

Aug. 1-10 16-7 10-8 12-9 11-6 16'7 ll-O 13-3 12-0

,, 11-20 16-4 12-6 13 1 12-4 15-5 13-0 13-4 12-4

„ 21-31 12-0 12-5 12-6 120 14-7 12-9 12-8 12 1

Sept. 1-10 15-9 131 131 12-3 181 13-3 13-9 12-7

11-20 13-6 13-0 131 12-4 15-2 13-4 13-9 13-2

„ 21-30 13-6 12-4 12-8 12-4 14-7 12-9 13 1 12-6

Oct. 1-10 13-6 11-9 12-0 15-0 12-3 12-2

,, 11-20 HI 11-6 li'-e 11-7 12-2 11-7 li-'e 11-6

„ 21-31 10-0 10-6 10-9 11 1 10-9 10-6 10-9 11 0

Nov. 1-10 7-9 9-7 9-4 10-0 8-0 9-8 9-4 10-0

„ 11-20 7-9 9-0 9-2 9-4 9-0 9-0 9-3 9-6

21-30 5-6 8-8 8-0 8-7 6-1 8-9 8-2 8-9

Dec. 1-10 5-9 8-1 8-2

7-7

8-5 6-0 7-9 8-3 8-4

,, 11-20 4-3 7-3 7-7 4-3 7-2 7-7 7-8

„ 21-31 4-6 7-5 6-8 71 5 0 7-3 6-6 7-0

1891.

Jan. 1-10 2-3 5-5 5-3 5-6 6-0 5-5 5-4 5-8

11-20 1-8 5-3 6-0 5-3 2 1 5-4 5-2 5-4

„ 21-31 4-4 5-4 5-0 5-3 6 1 5-5 5-3 5-4

Feb. 1-10 7-0 .5-4 5-2 5-5 7-6 6-5 5-3 5-6

11-20 5-6 5-3 5-4 5-6 8-2 5-6 5-8 6-7

„ 21-28 4-4 51 5-2 5-6 6-7 5-5 5-6 5-6

Mar. 1- 10 3-4 5-5 4-7 5-0 6 1 5-5 5-0 5 1

„ 11-20 2-9 4-6 3-6 4-5 3-7 4-9 4-2 4-5

„ 21-31 4-7 4-4 4-6 4-9 4-6 4-6
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TABLE IV.

—

Temperature op Water—North Cars Light Vessel.

Monthly Means.

Observations, 9 a.m. Observations, 3 p.m.

Month.

Air. Surface. 12 fms. Bottom. Air. Surface. 12 fms. Bottom.

1889.

December 6-9 6-9 7-3 7-6 6-4 6-9 7-6 7-6

1890.

January 6-6 6-6 6-4 6-4 6-9 6-6 6-4 6-7

February 6 1 5-6 6-7 6-0 6-3 6-7 5-9 6 0

March 6 "3 6 "6 5 '3 5'2 6 '5 5'6 5 "4 6 '3

April 8-7 6-5 6-4 6-3 9-1 6-7 6-5 6-4

May 8-4 8-8 8-3 7-5 10-5 9-0 8-4 7-7

fJune 14-0 10-5 10-2 9-4 14-9 10-6 10-4 9-4

July 14-9 11-8 11-2 10-4 15-4 12-5 12-0 11-3

August 15-0 12-0 12-9 12-0 15-6 12-3 13-2 12 1

September 14-4 12-8 13-0 12-4 16-0 13-2 13-6 12-8

October 11-6 11-4 11-5 11-6 12-4 11-5 11-5 11-6

November 7 1 9-2 8-9 9-4 7-7 9-2 9-0 9-5

December 4-9 7-6 7-6 7-8 61 7-5 7-5 7-7

1891.

Januaiy 2-8 6-4 6-1 5-4 4-7 5-5 5-3 6-5

February 5-7 6-3 6-3 5-6 7 "5 6-5 5-6 5-6

March 4-0 4-9 4-2 4-7 6 0 5 1 4-6 4-7
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TABLE V.

—

Temperature Observations.

1. OxcAR Lighthouse.
2. BsLL Rock Light-

house.

Ten-day Period. Period.

Air, Surface, Surface, Air, Surface, Surface,
9 A.M. 9 A.M. 3 P.M. 9 A.M. 9 A.M. 3 P.M.

1889.

Nov. 1-10 9 6 10*2

,, 11-20 9*7 9*8

... ,, 21-30 8*8 9*3

Dec. 1-10 8*1 8*5

1889. 11-20 7 6

Dec. 21-31 8*6 6 '6 6*4 „ 21-31 6*9

1890. 1890.

Jan. I-IO 7 '2 6"5 6*8 Jan. 1-10 6*8

11-20 7 '8 6*4 7 0 ,, 11-20 6*7

„ 21-31 4 "4 6 '6 6*3
11 21-31 ... 61

Feb. 1-10 4*2 5*7 6*4 Feb. 1-10 5*8

. , 11-20 3 "6 4 "8 4*9 ,, 11-20

,, 21-28 4 "5 4*6 4*8 21-28 5*7

Mar, 1-10 6 "9 4 "7 5*0 Mai*. 1-10 5*1

„ 11-20 8 '3 6"0 6 2 ,, 11-20 5*3 5*5

,,
21-31 7*9 6 "3 6*6 21-31

Apr. 1-10
5*6 5*7

Apr. 1-10 8*4 7*1 7*0 6*3 6*4

,, 11-20 6 "8 6 7 6*8 „ 11-20

,, 21-30 10 '6 7*5 7*6
,, 21-30

May 1-10 10 "0 8*7 8*8 May 1-10

» 11-20 12 "1 9*8 9*7 ,, 11-20

,, 21-31 12*8 11*0 10*9 „ 21-31 8*7 8*9

June 1-10 13 "9 10*7 10*9 June 1-10 9*5 9*4

,, 11-20 13 '6 11*1 11*0
,, 11-20 101 101

„ 21-30 14 "7 11*3 12*0 21-30
July 1-10

102 11*4

July 1-10 13'1 10*9 11*8 11*0 11*1

,, 11-20, 15 '6 11*0 11 "4 11-20 11*7 11-8
21-31 15-7 10*4 11 1 ,, 21-31

Aug. 1-10
12*1 121

Aug. 1-10 16-4 11-2 11*4 12*6 12*4

,, 11-20 15-0 10-2 10-7
,, 11-20 12-9 12*7

„ 21-31 13-3 9*4 10*0
,, 21-31 12*6 12*9

Sept. 1-10 161 10*5 11-2 Sept. 1-10 13*1 13*4

„ 11-20 „ 11-20 131 13 1

„ 21-30 „ 21-3) 12*9 12-9
Ocr. 1-10 li-7 8*6 9*5 Oct. 1-10 12-4

„ 11-20 10-9 8*5 8-7 „ 11-20 11-3 li'e
„ 21-31 7-5 7*7 8*5 „ 21-31 11-0 11-3

Nov. 1-10 6-5 7*1 7*2 Nov. 1-10 10 1

„ 11-20 6-4 6*8 7*6 „ 11-20 9*4 "9-4

„ 21-30 6-0 7-3 8-0 „ 21-30
Dec. 1-10

8*9

Dec. 1-10 8-4

„ 11-20 ,1 11-20 7*4

„ 21-31 „ 21-31 6-9 7*2
1891. 1891.

Jan. 1-10 11 3 1 3*7 Jan. 1-10 5-2

„ 11-20 2-7 8*9 4*2 „ 11-20 6-7 5*3

„ 21-31 5-5 4*7 5-0
1, 21-31 4*9 4*8

Feb. 1-10 6-9 5*2 5-4 Feb. 1-10 5 1 5*3

„ 11-20 „ 11-20 5*2 6*5

„ 21-28 „ 21-28 5*3 5*4
Mar. 1-10 4-6 4*8 *6*3 Mar. 1-10 5*0

„ 11-20 3-7 4*0 5*0 „ 11-20 4-9 5*0

, 21-31 6-4 4*3 4*8 „ 21-31 4*6 4*8
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TABLE VI.

—

Temperature Observations.

Monthly Means.

Month.

OxoAR Lighthouse.

Period.

Bell Rock Lighthouse.

Air.

9 A.M.
Surface,

9 A.M
Surface, Air, Surface, Surface,

3 P.M

1890. 1890.
-TfiniiflTV 6-5 6-2 6-0 Jfniufiry 6-5

Februaiy 4'1 5-0 6'0 February 5*7

March 7-4 5-7 5-9 March 5-3 5-5

April § 8-6 7 1 7-1 April 6-3 6-4

May 11-6 9-8 9-8 May 8-6 8-8

June 14 1 11-0 11-3 June 10-0 10-3

July 14-8 10-8 11-4 July 11-6 11-7

August 14-9 10-3 10-7 August 12-7 12-7

September September 13-0 131

October 10-0 8-2 8-9 October 11-6 11-9

November 6-3 7 1 7-6 November 9-5 9-5

December December 7-6

1891. 1891.

January 31 3-9 4-3 January 5-3 5-2

February February 5-2 5 4

March 4-6 4-3 5-0 March 4-8 4-9
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TABLE VII.

—

Temperature Observations—West Coast.

4. 11. Ardrishaig. 2, Brodick. a. W. LOCH TARBERT -,OCH KTAN.

Ten-day Period. 9 A.M. 3 p. M. IOa.m 4 P. M. 3 P.M. 10 A.M.

Air. Surf. Air. Surf. Surf. Surf. Air. Surf. Bot. Air. Surf. Bot.

1890.

Jan. 1-10

» 11-20
... ...

„ 21-31 6 1 6-4 0 1 R .70 1

Feb. 1-10 8-9 6-5 7 *2 o'y

„ 11-20 4-4 4-7 * O
„ 21-28 4-4 5-6 7 •'i o u

Mar. 1-10 6-7 6-2 W 1 O 1

...

...

„ 11-20 8-5 7-2 1 1 .n
1 0

„ 21-31 9-9 7-3 11*5 7 '0

Apr. 1-10 9-0 7-8 13 "2 8 '4 '
„ 11-20 101 7-5 lO if 7 "9 7 -A 8'0

„ 21-31 12-5 8-6 ID 1 0 -1y 1 9 '1

May 1-10 14-8 10-3 18'2 10-7lU / 10 u I 1 -AII U ...

„ 11-20 14-2 10-9 18'3 11 "6 10 u 10 0

„ 21-31 17-3 12 1 20*1 12 "4 11 "2 1.4 u
June 1-10 16-1 10-4 18'6 10'9 11 "0 11 "4

„ 11-20 17-3 12-0 20*6 12 "2 12'0 12 "4

„ 21-30 16-2 11-6 18*9 11 "7 11*8 12 '8

July 1-10 14-8 12 1 17 '8 12*3 12 "4 13*8

„ 11-20 13-9 11-4 16 "4 12'0 10 -A Ti-Alo 1

M 21-31 15-5 11-6 16'1 12 '8 12 "8 10 1

Aug. 1-10 17-8 14-6 18-9 14-8 13-9 14-3

n-20 16-5 13-4 170 13-8 13-9 14-3

„ 21-31 13-6 11-9 16-4 12-6 13-2 13-7

Sept. 1-10 16-7 12-7 17-2 13-3 13-6 14-0

„ 11-20 15 1 13-2 17-8 13-6 13-5 14-0

21—30 12-9 12-6 14-3 13 1 12-8 13-3

Oct. 1-10 11-7 11-2 13-6 11-9 12-0 12-8

„ 11-20

„ 21-31
10-3 11-0 10-6 11 1 11-5 11-7
9-8 10-7 10-0 10-9 10-8 11-2

Nov. 1-10 7-2 9-7 7-2 9-8 103 10-6

„ 11-20 7-4 9-0 7-6 9-2 10-4 10-5

„ 21-30 2-2 8-5 5-0 8-5 8-3 8-3

Dec. 1-10 5-1 8-0 .5-6 8-0 8-3 8-3

„ 11-20 2-4 6-0 2-2 6-1 8-2 8-4

„ 21-31 2-2 5-6 2-8 6-6 7-6 7-6

1891.

Jan. 1-10 0-3 3-7 2-0 4-7 6-5 6-6 3-6 3-8 2-8 2-3 2-5

„ 11-20 4-4 5-9 6-1 6-0 6-6 6-9 4-0 4-0 5-1 4-5 4-6

„ 21-31
Feb. 1-10

4-3 5-7 5-7 5-7 6-5 6-7 4-3 4-2 6-0 5 1 5 1
6-2 6-7 7-8 6-7 6-6 7-0 6-4 6 1 7-8 6-4 6-3

„ 11-20 6-1 6-8 7-8 6-8 6-5 7-0 6-5 6-5 7-5 6-2 6-0

„ 21-28 3-7 6-8 5-8 6-8 6-4 7-2 8-2 6-6 6-5 6-7 5-7 5-7
Mar. 1-10 2-2 6-2 4-3 6-2 6 1 6-2 5-3 6-5 6-6 8-1 6-6 6-9

11-20 1-6 5-4 5-6 5-7 5-2 5-5 6-0 5-7 5-5 6-2 3-6 3-7
21-31 4-0 6-2 5-9 6-4 6-0 6-4 6-2 5-7 5-5 7-0 4-7 4-7
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TABLE VIII.

—

MonthY Mean Temperatures.

1. Ardkishaig. 2. Brodick. 3. W. Loch Tarbert. 4. Loch Ryan.

Month. 9 A.M. 3 P.M. 10 a.m. 4p.m. 3 P.M. 10 A.M.

Air. Surf. Air. Surf. Surf. Surf. Air. Surf. Bot. Air. Surf. Bot.

1890.

January

Febniary 4-2 6-6 6-9 5-9

Mai'ch 8-4 6-9 10-9 7-2

Ap 1 1

1

10-5 8-0 14-4 8-5 7-9 8-5

May 15-4 11 1 18-9 11-6 10-4 11-2

June 16-5 11-3 19-4 11-6 11-6 12-2

July 14-7 11-7 16-8 12-4 12-5 13-6

August 14-9 13-3 17-4 13-7 13-7 141

September 14-9 12-8 16-4 13-3 13-3 13-8

October 10-6 11-0 11-4 11-3 11-4 11-9

November 5-6 9-1 6-6 9-2 9-7 9-8

December 3-2 6-6 3-5 6-6 8-0 8 1

1891.

Januaiy 3-0 5-1 4-6 6-5 6-5 6-7 4-0 4-0 4-6 4-0 41

February 5-7 6-8 7 1 6-8 6-6 71 6-5 6-4 7-3 6-1 6-0

March 3-6 5-9 5-2 6-1 5-8 6 0 5-8 5-9 6-9 7-1 6-0 51
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TABLE IX.

—

Physical Observations at the 'Garland's' Trawling

Stations, Firth of Forth.

Station 1.

West End of Station. East End of Station.

Date.

Hour. Air.
1

Surface. Bottom. Trans. Air. Surface. Bottom, Trans.

.

—

Hour.

1889.

Jan. 10 10-0 3-3 5*6 6-1 11

2J

5-0 6-1 6-4 3 12 0
Feb. 12 13 15 4-4 4*5 4*8 0-4 4-8 5-0 10-45

Mar. 3 9-20 4*5 4*2 4*4 If 6-6 4-4 4-5 2f 11-30

Apr. 11 11-0 4-4 5*0 6-0 4-4 5-0 5-0 13-30

May 2 16-35 8-2 6*7 6-4 2 8-1 7-0 6-6 14-30

Jun. 4 14-50 14*6 101 10-0 3i 14-5 10*6 10-0 3 12*40

Jul. 30 17-50 15*4 13*3 11*7 2 16-5 14-0 11 -0 3J 16*60

Aug. 31 1015 15*7 13 1 12-8 1 17-6 13*7 12-6 2 12*20

Oct. 4 9-0 8-9 11*7 11-4 1^ 9-8 11*7 11-3 2 11 0
Nov. 9 14-20 11-8 9-8 10-0 n 12-2 10-0 10-0 2 12-20

1890.

Feb. 12 10 15 5-2 5-4 5-4 5*5

2^

13-0

Mar. 17 10-45 4-6 6-6 6-6 2 4-4 5-6 6*6 13-45

Apr. 19 9-45 6-8 6*6 6-4 n 6-1 6-6 6*4 If 11*30

May 7 10-0 8-2 8*5 8-7 2f 8*9 8-0 8*0 H 13-15

„ 12 10-0 11-9 8*7 9-0 2 13-3 8-6 8*7 5 12-0

Jul. 30 15-30 13-6 12*2 9-7 3i 16-4 12*7 9*8 ? 13-30
Aug. 1 17-40 16-7 11 1 10-9 2^ 16-1 13-6 10*4 6 15-30

30 12-30 14-7 12*6 12-3 4 12-2 11*3 11*9 4^ 10-45
Oct. 18 10-10 9-8 11*5 11-6

3

10-4 11*5 11*5 2 12-10
Nov. 4 15-0 12-6 9*8 9-9 12-6 10*2 10-2 3^ 11-50

„ 14 14-55 6-1 8-7 9-0 2 6-7 9*0 9*4 3 13-0

„ 27 10-55 1-1 8*6 8-5 4-0 8-0 8-8 n 15-55
Dec. 6 10-40 4-8 7*2 7-8 n 6-6 7*2 7-9 n 12-45

„ 11 14-30 5-6 6*7 7*9 5*7 6*3 *-o 3 12-60

Station II.

1889.

Jan. 10 14*10 5*6 5*9 6*2 3*9 5*6 6*1 2 12-30
Feb. 11 16-5 1*2 6*0 6*0 21 1*7 4*6 4*7 2i
Mar. 8 18-0 3-9 4*0 4*0 4*4 4*0 4-0 2f 16-0
Apr. 11 14-0 4*4 5*0 5*0 4 1 5*0 4*9 2 16*0
May 3 16-40 9*1 6*6 6*5 n 9*5 6*4 6-4 n 15*0
Jun. 8 9-5 13-9 12*1 7*2 4 11*1 12-0 7*2 4 7*50
Jul. 30 11-40 17-4 12-7 11-0 4 15*3 12-7 11*1 H 9*50
Aug. 29 17*10 13-3 13-1 12*8 3 14*5 13*1 12*7 3 15-45
Oct. 1 15-40 11-1 11*8 11-9 2^ 10-0 11*9 11-9 3 13*45
Nov. 8 15-0 14*1 9*8 9*9 H 11-1 9-8 9-8 n 12*50
1890.

Feb. 15 10*50 3*3 4*5 5*6 2*9 4*5 5-6 ^
Mar. 17 1435 5*2 5*7 5-6 6*4 5-6 5-6 H 16 -5

31 11*25 6*9 6-1 5*9 6-8 6-1 5-9 3 12-35
Apr. 23 15*20 9*7 6*7 7*7 10 3 6-7 7*8 13-45
May 7 15*30 8-3 8*7 9 0

3

10-0 8-4 8*1 4 14*0

,, 12 12*40 13*3 10*1 8-4 12-5 8-8 8*8 4 14*30
Jul. 30 12-45 17*2 11*9 10-2 15-4 11-5 10*0 4§ 11*10
Aug. 28 120 17*2 12*4 12-1 13-9 12-2 11-8 4^ 13-45
Oct. 15 10-40 9*9 12*0 12-0 n 10-6 12-0 11-9 3^

3

12-6
Nov. 1 12-45 11*1 10-7 10*8 3 9-9 10-8 10-5 14-5

„ 15 11-35 10-3 91 9*4 2 8-9 8-9 9-3 2 10-0

„ 24 14-45 7-0 9-0 9*0 3
Dec. 12 12 10 5*5 6-6 7*7 3 5-3

1

6*7 s-o 2^ 10-40

iStation III.

1889.

Jan. 7 16-15 60 6-0 6*1 If 3-3 6-6 6-0 2 14-10
Feb. 6 9*30 4*5 5-2 6-3 1 6-2 5-0 61 11-40
Mar. 11 12*20 6-1 4-5 3-9 2i 6-6 4-4 4*0 2^ 14-30
Apr. 3 13*10 5*2 6-0 6-0 1 5*6 5-1 6*0 U 11-0
May 2 13-60 8*5 7*0 6*7 1 7-8 7-0 7*0 1 11*46
June 3 15-40 15*9 10-6 9*1 3 13-4 9*8 7-2 3 19*45
July 30 15*35 16*0 13-0 12*0 2 16*0 14*6 12-8 2 13*5
Aug. 30 10*20 131 13-0 13*0 1 14-2 13*3 13-6 2 12*45
Oct. 3 16-15 11*4 11-4 11-2 2 12-3 11*2 11*1 2 14*0
Not. 11 16-65 10*4 9*6 9-7 If 10-3 9*5 9-6 If 13-55
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Table IX,

—

continued—Physical Observations at Trawling Stations.

Station III.

—

continued.

West End of Station. East End of Station.

Date.

Hour. Air. Surface. Bottom. Trans. Air.
1

Surface. Bottom. jXrans. Hour.

1890.

Feb. 12 10-5 5-2 5-6 2i 5-2 5-3 2 13-40

Mar. 13 8-55 8-4 5-6 5-6 1

„ 15 10-55 ( V 5-6 5-6 If 8-3 5'6 5-6 If 12-55

Apr. 19 *' 7-0 6-3 6-3 If 12 16

„ 25 e-'so 5-9 6-7 7-3 2" 8-0 00 7-0 2i 8-50

May 8 10-15 7 -2 8-6 9-3 2| 8-6 e.t;0 0 9-0 2J 12 0

„ 16 13 -25 12-1 9-0 8-2 2i 12-2 0 -ft 8-3 14*56

July 29 10-40 lZ 0 11-0 11-6 2i 15-6 \.i 0 10-4 3 12*46

Aug. 29 11-40 14-6 12-7 12-2 12-2 12-7 11-8 1410
Oct. 17 1415 11-6 11-5

3

12-1 11-7 11-7 H 12-10

„ 21 10-0 10 -Q 11-2 11-2

,, 28 14-30 6 -7 10-5 10-5 2 6-4 1 A.I 10-0 H 11-20

Nov. 14 12-20 6 '7 8-8 9-0 2 8-2 <A .Q0 0 10-0 2? 10*46

Dec. 20 10-0 2-2 6-0 7-5 2 3-3 7'0 2^ 12-6

Station IV.

1889.

Jan. 3 14-15 7-4 5-2 .3 1- 7-4 5-3 5-2 16-10

Feb. 5 14-30 7-8 4-3 4-4 14 5-7 4-4 4-4 i 12*10

Mar. 9 10-50 5-6 3-5 3-5 \h^2 5-6 3-9 3-9 13*0

Apr. 3 16-0 3-3 5-1 5-0 11 4-4 5-1 5-3 i'i 13*50

May 1 15-20 11 1 7-2 7-1 r 9-5 7-2 7-1 13*0

June 3 8-55 11-9 10-6 10-1 2 12-2 10-2 10 z Z 11*25

July 31 17-55 16-7 15-6 13-2 20-9 15-4 13-4 2i 16*65

Aug. 30 16-0 I6-7 13-6 13-2 2 15-0 13-9 13-5 2 13*20

Oct. 5 11-30 9-6 10-6 10-6 1 10-0 10-5 10-6 I5 13*45

Nov. 12 13-25 12-2 9-5 9-6 1§J 14-4 9-5 10-3 2 10*56

1890.

Feb. 13 10-20 4-6 4-6 n 5-0 5-0 13-35

Mar. 13 10-10 8-0 5-7 5-8 1 6-0 5-7 6-1 li 12-50

Apr. ,18 13-45 . 6-8 6-3 6-3 n 4-7 6-3 6-1 1 11-46

25 •••
7-8 7 -7 7-4 2 13-0

May 8 15-40 13-7 9-0 8-8
2"

11-7 0 0 8-5 2| 14-30

). 16 12-45 12-0 9-5 9-6 2i 11-1 9-5 2^ 10-45

July 29 15-30 16-1 12-9 12-0 n 16-1 12-8 12-8 25 13-15

Aug. 2 10-8 14-6 12-8 12-5 n 12-8 1 L 0 12-8 If 8-35

,, 29 16-55 10-3 12-9 12-4 14-6 12-7 3 14-55

Oct. 11 12-15 1 - .1'
lo-b 12-3 12-1 2

14 15-5 14-2 12-3 12-1 2 13-3 12-2 2 12-55

Nov. 13 14-45 10-3 8-8 10-0 2 10-0 8-8 10-0 2 12-0

Dec. 1 11-15 12 8 7-2 7-0 n 12-8 7 -3
.

7-1 I3 15'15

10 10-50 2-4 5-8 5-8 4-6 6-2 If 14-0

W 12 14-40 3-3 5-8 5-8 2 3-3 6-6 ^ 11-60

Station V.

1889.

11 "5 6-1 6-2 7-0
1*

6-5 6-2 7-0 H 12-45

Feb. 11 12-30 2-6 6-0 5-6 0-6 5-2 6-4 2f 10*45

Mar. 8 13-40 6-1 4-5 4-5 3i 4*9 4-2 4-3 2^ 11*40
A T>T 1 0Api. 1^ 13-20 5-0 5-9 5-9 2i 4-6 4-9 4-9 15*30

May 3 12-30 6 8 6-4 5-7 2^ 6 '7 6-1 6*6 10*20

J un. 7 10 '0 11-7 11-1 7-0 5 12-2 10-5 7-1 5^ 12*35

Aug. 3 9-40 13-1 13-0 11-6 5 1 j.-nVi u 13-0 11-1 12*0

)> 29 10-35 15-5 12-8 12-8 4^ 14-4 12-9 12-9 •H 12*40

Oct. 2 8 -50 8-9 11-8 11-8 4 10-0 11-8 11-8 4 11*0

Nov. 7 11-30 12-4 10-0 10-3 4 12-0 10-0 101 4i 9*30

1890.

Feb. 14 18-25 4-8 5-6 6-3 5-4 5-8 6-4 16*25

Mar. 14 15-35 7-7 5-6 5-6 7-6 5-6 5-6 3" 1316
Apr. 25 13-40 11-7 6-9 7-1 4" 10-0 6-8 7-0 4 12*0

May 10 9-10 7-9 7-8 8-3 5 8-1 7-8 8*0 6 7*0

„ 15 14-55 8-3 8-0
11-5'

8-3 5 8-9 8-3 7-8 H 1616
Jul. 31 15-0 14-8 9-5 h\ 15-8 11-7 9-4 6 13*20

Aug. 1 14-25 17-0 11-4 9-4 6i
Sept. 3 16-30 14-6 12-0 11-7 is-e 12-0 11*8 H 14**30

Oct. 20 11-40 7-9 11-5 11-4 4 8-4 11-4 11*4 4 1410
Nov. 6 14-45 8-7 10-5 10-4 3i

„ 17 12-50 11-7 9-0 9-5 5 8-3 9-3 9-8
5*

15-20

„ 19 15-25 11-7 9-2 9-6 4.^

3

11-7 1 9-3 9-6 H 13-20

„ 28 15-35 4-2 8-4 9-0 2-8 8-6 9-4 3
1

12*35

Dec. 17 14-25 4-5 6-5 8-0 4 4-8

1

7-1

1

7-8 45 ,

12*20
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Table IX.

—

continued - Vyly^igkl Observations at Trawling Stations.

Station VI.

West End of Station. East End of Station.

Dnte

Hour. Air. Surface. Bottom. Trans. Air. Surface. Bottom. Trans. Hour.

188i).

Jan. 9 14 0 6-4 6-2 7-0 If 6-1 6-2 6*8 If 13*25

Feb. 11 1310 1-7 4-5 4-5 2^ 2-8 4-4 4*4 14*15

Mar. 8 1310 4-8 4 1 4-2 5-0 4-1 4-2 2| 14*15

Apr. 12 12-40 5-0 4-9 4-9 4-5 4-9 4-9
•'a 11*30

May 3 13-45 7-3 6-3 6-2 2 6-3 6-3 6*1

f
13 0

Jun. 7 16-35 12-0 11-4 7*2 4d 12-2 11*1 7*2 15*10

Aug. 3 14-30 14-4 12-4 12-0 4i 13-7 13-2 12*2 13-25

M 29 14-30 14-6 13-1 12-8 3 14-4 13-3 12*7 13-30

Oct. 1 12-30 9 5 11-7 11-8 3 8-9 11-8 11*8 3 11-30

Nov. 7 13-15 12-2 10-0 10-0 2^ 12-2 10-0 100 2 12*25

1890.

Feb. 21 15-55 4-4 5-6 5-6 If 4-6 5-6 5*6 I3 15*10

Mar. 14 17-5 7-6 5-6 5-6 7-8 5-6 5*6 16*15

Apr. 25 15-15 10-0 7-0 6-8 f 8-4 6-9 6-8
4"

14*30

May 10 9-40 7-8 8-0 8-5 5 7-8 7-8 8*0 5 10*20

,, 15 18-0 10-0 8-2 8-1 5 11-1 8-0 8*1 5 17*10

Jul. 31 16-20 14-5 12-0 10-4 5 15-0 11-8 10-8 5^ 15*20

Sept. 6 11-15 18-9 12-5 12-2 4^ 18-9 12-7 12-4 4^ 11*50

Oct. 20 16 55 14-0 111 11 0 3 14-1 11-4 11-3 3^ 16*10

Nov. 18 14-35 11-2 8-9 9-4 4 11-1 8-9 9*1 4 13-35

Dec. 15 13-10 61 8-0 7-9 3 6-1 7-9 7*9 3 12-30

Station VII.

1889.

Jan. 8 17-50 6-6 5-7 6-1 5-9 5*8 6*6 3 1610
Feb. 6 18-15 4-5 5-0 5-1 61 5*8 5*6 1^ 16-20
Mar. 8 8-45 Q.Qo y 3-9 4-2 If 5-8 A -14 1 2^ 10-45

Apr. 12 16-0 4-6 4-9 4-9 2i 5-0 5*0 •5*0 18-0

May 7 17-20 7-5 6-7 6-0 2i 7-9 7*2 5*8 H 15-30
Jun. 6 16-0 12-2 11-1 7-9 3? 12-3 10-8 7*2 H 13-55

Aug. 2 15-55 16-7 14-5 11-9 4 17-7 14-0 11*1 4A*2 14-25

„ 28 6-50 13-3 12-8 12-9 14-5 12-8 12*7 3 8-20

Oct. 3 10-0 9-2 11-4 11-6 n 10-6 11*4 11-7 3 12-0

Nov. 7 7-0 12-0 8-6 8-9 12-0 9*2 10-0 2^ 8-30

1890.

Feb. 12 16-40 5-6 5-0 5*7 5-9 15-5

Mar. 14 10-55 7-2 5-9 5-6 7-2 5*9 5-6 2 12-20
Apr. 25 9-35 8-2 6-7 7-0 6-1 7*0 6-7 25 11 0
May 9 11 -10 9-9 8-0 8-1 2f 9-5 8*0 8-3 3 12-10

,, 15 12-0 11-7 9-4 9-5

f
15-0 9*0 8-4 4? 13-35

JuU 31 11-0 17-1 12-5 12-0 16-7 12-6 10-0 5 12-20
Sept. 3 11-10 17-5 12-7 12-0 n 18-2 12-4 12-3 3 12-50
Oct. 14 12-0 14-3 12-1 12-0 12-8 12 1 12-0 4 10-25
Nov. 10 14 -40 7-8 9-0 10-0 2 8-3 9-8 9-9 3 15-40

19 10-40 12*9 8-5 8-8 2f 12-2 8-8 9-3 H
23

12-20
Dec. 8 14-30 5-7 7 1 7-7 2 4-9 7-5 8-5 12-30

Station VIII.

1889.

Jan. 8 15-30 5-9 6-0 6-7 3
i

.-7 61 7-1 3
Feb. 6 16-0 6-1 5-6 5-7 ' 5-9 5-6 5-8 14-0

Mar. 4 14-30 3-2 4-5 4-5 3-6 4-5 4*5 34- 12-30
Apr. 18 9-45 8-3 5-6 5-3

2*'
8-3 5-2 5-0 11-50

May 7 15-0 7-8 7-2 5-7 3f 8-3 7-0 6*7 4 13-0

Jun. 6 12-50 12-2 11-9 6-9 12-5 10-6 7-0 10-45
Jul. 26 18-0 13-1 12-8 10-1 5 12-3 11-9 10-9 H 15-55
A Tin '>7Aug. i I 16*25 11-8 12-9 12-7 4 13-4 13-1 12*0 H 14-20
Oct. 2 15-50 11-7 11-6 11-7 3^ 10-8 11-7 11*8 4 14-0

Nov. 6 17-20 10-0 9-5 9-5 9-7 10-0 10*2 4i 15-20

1890.

Feb. 4 11-20 5-4 6-0 5-8 3 6-6 6-1 6*3 6 13-0

Mar. 3 12-5 6-4 5-6 5-6 3 6-4 5*6 5*6 3 14-5

Apr. 24 19-30 7-3 6-8 6-7 3 8-6 6*8 6-8 4^ 17-25
May 9 13-10 9-4 8-0 7-8 4 9-0 7*8 7*8 8^ 15-20

„ 13 12-15 13-0 8-7 8-5 3f 13-7 8*6 8*9

6
14 0

Aug. 5 9-30 16-7 12-4 10-2 H 19-5 12*2 9*8 11*25
Sept. 4 11-10 17 0 12-6 11-8 16-4 12*4 11*3 H 12*50
Oct. 13 ;i2-io 14-4 12-2 11-9 4 13-3 12*0 11*5 H 14 10
Dec. 2 jl6-45 7-2 8-8 9-2 7-6 8*7 9*3 H 15*0
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TABLE IX.

—

contintced—Physical Observations at Trawling Stations.

Station IX.

North or West End. South or East End.

Date.

Hour. Air. Surface. Bottom. Trans.

1

Air. Surface. Bottom. Trans. Hour.

1889.

Jan. 8 13-40 5-6 6-1 7-2 3 4-8 11-6 7-1 3 11-50

Feb. 6 13-30 5-9 5-6 5-7 4-8 5-6 5-7 n 11-20

Mar. 4 12-0 3-3 4-5 4-5 4-5 4-5 2| 10-0

Apr. 18 14-40 7-8 5-5 5-1 8-3 6-3 5-0 2| 12-30

May 7 12 -.30 8-3 7-0 5-7 8-4 7 1 5-6 4 10-30

June 6 7-20 12-7 10-6 7-0 H 12-2 10-6 6-7 8i 9-30

July 26 15-30 12-2 11-8 n-0 5^ 12-1 12-2 9-8 4^ 13-30

Aug. 27 13-45 13-4 13-6 11-8 7 14-3 12-9 11 1 7 11-40

Oct. 2 11-30 10-0 11-7 11-8 4 10-6 11-7 11-8 4i 13-30
Nov. 6 14-45 10-9 10-0 10-1 5 10-8 10-0 10-2 5 12-45

1890.

Feb. 14 13-25 6-4 5-9 6-4 6-2 6-1 6-3 5 15-10

Mar. 18 14-30 6-6 5 6 5-6 3 6-3 5-6 5-6 4 16-20

Apr. 24 17-0 8-6 6-8 6-8 4^ 7-5 6-8 6-5 H 14-55

May 9 15-45 9-0 7-8 7-8 81 8-5 8-2 9-0 nh 17-0

„ 13 14-20 13-7 8-6 8-9 H 13-7 8-3 8-6 8 16-30

Aug. 5 11-55 19-5 12-3 9-9 6 18-3 13-5 9-2 7h 13-55

Sept. 4 15-55 16-0 13-0 11-9 7 17-4 13-0 10-9 7 14-0

Oct. 14 8-40 13-1 12-1 11 5 H 12-5 12-3 11-5 H 6-35

Dec. 2 14-35 7-8 8-7 ».„ H 8-1 8 7 8-6 4 12-50

TABLE X.

—

Specific Gravity and Calculated Salinity at the
Bell Kock Lighthouse.

Ten-day
Period.

10 A.M. 4 P.M.

Period.

10 A.M. 4 P.M.

Surface. Surface. Surface. Surface.

Sp. Gr. Sal. Sp. Gr. Sal. Sp. Gr. Sal. Sp. Gr. Sal.

1889. 1890.

Oct. 26-30 26-2 3-38 26-1 3-36 Aug. 1-9 26-4 3-42 26-2 3-38

Nov. 2-9 26-2 3-38 26-0 3-34 „ 13-20 26-3 3-40 26-1 3 36

„ 11-20 26-2 3-38 26-2 3-38 ,, 21-30 26-2 3-38 26-1 3-36

,, 21-30 26-0 3-34 26-0 3-34 Sept. 1-10 26-2 3-38 26-2 3-38

Dec. 2-10 26-1 3-36 26-2 3-38 „ 11-20 26-2 3-38 26-2 3-38

„ 11-18 26-0 3-34 25-9 3-32 21-30 26-3 3-40 26-3 3-40

23-31 25-9 3-82 25-3 3-24 Oct. 1-10 26-3 3-40

1890. „ 11-20 26-2 3-38 26-1 3-36

Jan. 1-10 25-9 3-32 „ 21-31 26-0 3-34 25-9 3-32

„ 14-25 25-9 3-32 Nov. 1-10 26-0 3-34

Feb. 1-10 25-6 3-27 11-20 25-9 3-32 25-8 3-30

„ 24-25 26-0 3-34 „ 21-30 26-1 3-36 26-2 3-38

Mar. 8-10 25-8 3-30 Dec. 1-10

„ 11-20 25-8 3-30 25-7 3-28 „ 11-20 25-8 3-30

„ 21-31 25-8 3-30 25-8 3-30 „ 21-31 26-1 3-36 26-0 3-34

Apr. 2-5 25-0 3-18 25-5 3-26 1891.

May 20-22 25-6 3-27 25-8 3-30 Jan. 1-10

23-30 25-9 3-32 25-9 3-32 „ 11-20 25-'9 3-32 25-8
3
'30

June 2-10 26-0 3-34 25-9 3-32 „ 21-31 25-8 3-30 25-7 3-28

„ 11-20 26-0 3-34 26-0 3-34 Feb. 1-10 25-3 3-24 25-4 3-25

„ 21-30 26-1 3-36 26-1 3-36 „ 11-20 25-7 3-28 25-8 3-30

July 2-10 26-0 3-34 26-1 3-36 „ 21-28 25-9^ 3-32 26-0 3-34

„ 11-20 25-7 3-28 25-9 3-32 Mar. 1-10 26-1 3-36

„ 21-31 26-1 3-36 26-2 3-38 „ 11-20 26-0 3-34 26-0 3-34

„ 21-31 26-0 3-34 26-0 8-34
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TABLE XI.

—

Mean Monthly Specific Gravity and Calculated
Salinity at Bell Rock Lighthouse.

Montli.

10 A.M. 4 P.M.

Feiuod.

10 A.M. 4 P.M.

Sp. Gr. Sal. Sp. Gr. Sal. Sp. Gr. Sal. Sp. Gr, Sal.

1889. 1890.

October July 25-9 3-33 26 1 3-35

November 26'l 3*37 2(5i 3-35 August 26-3 3-40 26 1 3-37

December 26 0 3-34 25-8 3-31 September 26-2 3-39 26-2 3-39

1890. October 26-2 3-37 26-0 3-34

January 25-9 3-32 November 26 0 3-34 26-0 3-34

February 25-8 3-30 December 26 0 3-33 26-0 3-34

March 25-8 3-30 25-8 3*29 1891.

April January 25-9 3-31 25-8 3-29

May 25"8 3-30 25'8 3-31 February 25-6 3-28 25-7 3-30

Juno 26 0 3-35 26-0 3-34 March 26 0 3-35 26-0 3-34

TABLE XII.

—

Specific Gravity and Calculated Salinity at
OxcAR Lighthouse.

Ten-Day
Period.

9 A.M. 3 P.M.

Period.

9 A.M. 3 p. M.

Surface. Surface. Surface. Surface.

Sp. Gr. Sal. Sp. Gr. Sal. Sp. Gr. Sal. Sp. Gr. Sal.

1889. 1890.

Dec. 17-20 2.') -4 3-25 25-5 3-26 July 1-10 24-9 3-16 25 0 3-18

„ 21-31 24-4 3 06 24-7 3-12 „ 11-20 24-9 316 25-0 3-18

1890. „ 21-31 25-5 3-26 25 -4 3-25

Jan. 1-10 24-4 3 06 24-9 316 Aug. 1-10 25-5 3-26 25-5 3-26

,, 11-20 24-3 3 04 24 1 3-01 M 11-20 25 0 3-18 25-3 3-24

„ 21-31 23-8 2-98 23-1 2-84 „ 21-31 25-2 3-22 25-2 3-22

Feb. 1-10 24-8 3 14 25-2 3-22 Sept. 1-10 24-9 3-16 25 1 3-20

„ 11-20 25-0 3-18 24-9 316 Oct. 7-10 24-2 3-02 24-4 3-06

„ 21-28 24-6 3 10 24-4 3-06 „ 11-20 25-0 3-18 25-2 3-22

Mar. 1-10 24-9 3 16 25-2 3-22 „ 21-31 25-0 318 25 1 3-20

„ 11-20 24-7 312 24-7 3 12 Nov. 1-10 22-2 2-68 22-8 2-77

„ 21-31 24-4 3-06 24-6 3-10 11-20 22-6 2-75 22-8 2-77

Apr. 1-10 25 1 3-20 25-2 3-22 „ 21-25 23-7 2-96 24-2 3 02
„ 11-20 25-0 318 25-3 3-24 Dec.

„ 21-30 25 0 3-18 24-9 316 1891.

May 1-10 25-0 3-18 25-2 3-22 Jan. 5-10 24-0 3 00 24 1 3-01

„ 11-20 25-2 3-22 25-0 3-18 „ 11-20 24-6 310 24-6 310
„ 21-31 24-9 3 16 24-8 3 14 „ 21-31 24-0 3-00 24-5 3-08

June I-IO 25-3 3-24 25-2 3-22 Feb. 1-10 24-2 3-02 24 1 3 01

„ 11-20 24-7 312 24-8 314 Mar. 6-10 25I.-0 3 18 25-0 3-18

„ 21-30 25-2 3-22 25-0 3 18 „ 11-20 24-4 3-06 24-7 312
„ 21-31 24-2 3 02 24-5 3-08

TABLE XIII.

—

Monthly Mean Specific Gravity and Salinity—
OxcAR Lighthouse.

Month

9 A.M. 3 P.M.

Period.

9 a.m. 3 P.M.

Sp. Gr. Sal. Sp. Gr. Sal. Sp. Gr. Sal. Sp. Gr. Sal.

1889. 1890.
December 24-9 3 15 25-1 3-19 August 25-2 3-22 25-3 3-24

1890. September
January 24-2 3 03 24-0 3-00 October 24*7 24**9

3'l6
February 24-8 3-14 24-8 315 November 22-8 2-79 23-3 2-85
March 24-7 3 11 24-8 315 December
April 25-0 3-19 25-1 3-21 1891.
May 25-0 319 25 -e 3-18 January 24-2 3 03 24-4 306
June 251 319 25-0 3 18 February
July 251 319 25 1 3-20 March 24'5 3*09 24*'7

2 h
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TABLE XIV.

—

Specific Gravitvt and Calculated Salinity at

Abertay Light Vessel.

9 A.M. 3 P.M.

Ten-Day Surface. 4 fathoms. Iiottom. Surface. 4 fathoms. Bottom.
Period.

Sp. Gr Sal Sp. Gr. Sal. Sp. Gr. Sal. Sp. Gr. Sal. Sp. Gr. Sal. Sp. Gr. Sal.

1889.

June 6-10 25-4 3-25 25-7 3-28 26 •1 3-36 23-0 2-80 24-0 3-00 24-9 3-16

11-20 24-2 3-02 24-8 3-14 252 3-22 25-4 3-25 25-6 3-27 25-8 3-30

July
21-30 25-0 3-18 25-2 3-22 25 •6 3-27 24-9 3-16 25-2 3-22 25-6 3-27

1-10 25 "9 3 '32 26 "0 3 "34 26-0 3 "34 25 '8 3 '30 25 '9 3 '32 26 '1 o OD

)>
11-20 25-9 3-32 25-9 3-32 26-0 3-34 26-0 3-34 26-2 3-38 26 3 3-40
21-31 25-7 3-28 25-8 3-30 26-0 3-34 26-0 3-34 26-2 3-38 26 2 3-38

Aug. 1-10 26-2 3-38 26-3 3-40 26-4 3-42 26-1 3-36 26-2 3-38 26-3 3-40

11-20 25-5 3-26 25-5 3-26 25 •7 3-28 25-3 3-24 25-9 3-32 26-2 3-38

21-31 23-2 2-86 24-4 3-06 24-7 3-12 24-9 3-16 25-9 3-32 26-2 3-38

Sept. 1-10 24 1 3-01 24-6 3-10 z 3-22 25-2 3-22 25-6 3-27 25-6 3-27

11-20 25 1 3-20 25-3 3-24 25-5 3-26 25-2 3-22 25-7 3-28 26-0 3-34
21-30 24-6 3-10 25-0 3-18 25-3 3-24 26-0 3-34 26-1 3-36 26-1 3-36

Oct. 1-10 24-7 3 12 25-0 3-18 25-1 3-20 25-3 3-24 25-4 3-25 25-6 3-27

11-20 25-2 3-22 25-3 3-24 25-5 3-26 24-9 3-16 25 1 3-20 25-4 3-25

21-31 22-9 2-78 23-2 2-86 23-8 2-98 25 1 3-20 25-6 3-27 25-7 3-28

Nov. 1-10 22-2 2-68 23-5 2-92 24-5 3 -OS 24-7 3-12 25-3 3-24 25-6 3-27

11-20 25-5 3-26 25-7 3-28 25-8 3-30 25-0 3-18 25-6 3-27 25-8 3-30

21-30 24-0 3-00 24-5 308 24-9 3-16 25-3 3-24 25-6 3-27 25-8 3-30

Dec. 1-10 24-0 3-00 24-5 3-08 24-8 3-14 25-2 3-22 25-5 3-26 25-6 3-27

11-20 25-2 3-22 25-3 3-24 25-7 3-28 24-3 3 04 25-2 3-22 25-6 3-27

21-31 22-8 2-77 23-6 2-94 24-3 3-04 23-9 2-99 25-0 3-18 25-2 3-22

1890.

Jan. 1-10 21-2 2-50 22-3 2-70 23-6 2-94 24-6 3-10 25-3 3-24 25-4 3-25

II
11-20 22-7 2-76 23-9 2-99 25-2 3-22 20-7 2-40 23-6 2-94 24-8 314
21-31 23-4 2-90 24-4 3-06 24-6 3-10 21-2 2-50 24-1 3-01 25-0 3-18

I'eb. 1-10 21-0 2-48 i'2-8 2-77 23-3 2-88 24-6 3-10 25-3 3-24 25-4 3-25

11-17 24-8 3-14 25-1 3-20 25-2 3-22 23-4 2-90 24-3 3-04 24-3 3-04

Mar. "l-lO 23-3 2-88 23"9 2-99 24-4 3'66 25 -0 3*i8 25-3 3'24 25 -4 3-25

»»
11-20 22-3 2-70 24-2 3-02 24-7 312 22-5 2-74 24-3 3-04 24-8 3 14
21-31 23-3 2-88 23-7 2-96 24-1 3-01 23-1 2-84 24-8 3 14 25-4 3-25

April 1-10 23-4 2-90 23-9 2-99 24-6 310 25-3 3-24 25-5 3-26 25-6 3-27
11-20 24-1 3-01 24-5 3-08 24-7 312 24-6 3-10 24-9 3-16 24-9 3-16
21-30 24-8 3 14 25-1 3-20 25-3 3-24 24-3 3-04 25-0 3-18 25-2 3-22

May 1-10 23 '2 2 "86 23 '7 z yo 241 3 '01 25 "3 3 24 25 -5 3 26 25-6 3-27
11-20 24-5 3-08 24-7 3-12 25-0 3-18 24-5 3-08 24-8 3-14 24-9 3 16
21-31 24-8 3 14 25 0 3-18 25-2 3-22 24-2 3-02 24-9 3-16 25-1 3-20

June 1-10 24-1 3-01 24-6 3-10 24-9 3-16 24-8 3 14 25-3 3-24 25-5 3-26

II 11-20 23-4 2-90 23-8 2-98 24-3 3-04 24-6 3-10 25-0 3-18 25-1 3-20
21-30 25-2 3-22 25-3 3-24 25-5 3-26 24-2 3-02 24-5 3-08 24-9 3 16

July 1-10 24-1 3-01 24-4 3-06 24-8 314 24-6 3-10 25-1 3-20 25-2 3-22

i»
11-20 23 1 2-84 23-8 2-98 24-2 3-02 24-8 3-14 25-1 3-20 25-2 3-22
21-31 25-2 3-22 25-4 3-25 25-7 3-28 24-7 3-12 25-1 3-20 25-2 3-22

Aue. 1-10 24-7 312 25 1 3-20 25-1 3-20 25-2 3-22 25-4 3-25 25-5 3-26

II
11-20 23-8 2-98 24-3 3-04 24-8 3 14 25-5 3-26 25-7 3-28 25-8 3-30
21-31 9J. -J. 3"0G 25'1 3 '20 25-2 3 '22 z-t o 3*14 25 "2 3*22 25*6 3 '27

Sept 1-10 24-9 3-16 25-2 3-22 25-3 3-24 24-8 3-14 25-2 3-22 25-6 3-27
11-20 24-0 3-00 24-2 3-02 24-6 3-10 25-7 3-28 25-7 3-28 25-8 3-30
21-30 25-8 3-30 26-8 3-30 25-9 3-32 24-2 3-02 25-2 3-22 25-3 3-24

Oct. 1-10 24-3 3-04 24-9 3-16 25-3 3-24 21-7 2-58 24-6 3-10 25 1 3-20

II
11-20 22-6 2-75 23-5 2-92 24-0 3-00 25-2 3-22 25-3 3-24 25-4 3-25

Nov.
21-31 23-5 2-92 23-9 2-99 24-3 3-04 24-5 3-08 25-0 3-18 25-0 3-18
1-10 22-5 2-74 24 1 3-01 24-8 3 14 23 1 2-84 24-3 3-04 24-6 3-10

II
11-20 19 1 212 21-2 2-50 21-8 2-60 23-4 2-90 24-6 310 25-0 318
21-30 20-9 2-46 21-8 2-60 22-5 2-74 24 1 3-01 24-4 3-06 24-7 3-12

Dec. 1-10 23-4 2-90 24 0 3-00 24-5 3-08 23-1 2-84 24-0 3-00 24-4 3-06
11-20 22-7 2-76 23-4 2-90 23-8 2-98 24-3 3-04 24-5 3-08 24-8 3 14

„ 21-31 23 1 2-84 23-7 2-96 24-3 3-04 24-5 3-08 24-7 3 12 24-8 3 14
1891.

Jan, 1-10 24-3 3-04 24-6 3-10 24-8 3-14 24-4 3-06 24-6 3-10 24-8 3-14
11-20 24-7 3-12 24-7 312 24-8 3-14 24-7 3 12 24-8 314 24-9 3 16

II
21-31 23-8 2-98 24 1 3 01 241 3-01 25-0 3-18 25-0 3-18 25-1 3-20

Feb. 1-10 22-8 2-77 23-9 2-99 24-4 3-06 22-4 2-72 24-3 3-04 24-8 314
II

11-20 24-7 3 12 24-9 3-16 25-0 3-18 23-9 2-99 24-7 312 24-9 3 16
21-28 22-9 2-78 23-5 2-92 23-6 2-94 25-0 3-18 25-1 3-20 25-2 3-22

Mar. 1-10 23-7 2-96 24-4 3-06 24-6 3-10 24-2 3-02 24-6 3-10 24-8 3 14

i»
11-20 24-4 3 06 24-6 3-10 24-6 3-10 23-8 2-98 24-8 314 24-9 3-16
21-31 23-2 2-86 23-7 2-96 24-0 3-00 24-9 3-16 25 1 3-20 25-2 3-22
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TABLE XY.

—

Mean Monthly Specific Gravity and Calculated

Salinity at Abertay Light Vessel.

Month.

9 A.M. 3 P.M.

Surface. 4 fathoms. Bottom. Surface. 4 fathoms. Bottom.

Sp. Gr. Sal. Sp. Gr. Sal. Sp. Gr. Sal. Sp. Gr. Sal. Sp. Gr. Sal. Sp. Gr. Sal.

1889.

June 24-9 3 15 25-2 3-21 25-6 3-28 24-4 3-07 24-9 3 16 25-4 3-24

July 25-8 3-31 25-9 3-32 26-0 3-34 25-9 3-33 26 1 3-36 26-2 3-38

August 25 '0 3 '17 25*4 3 "24 25 '6 3*27 25*4 o io 26*0 26*2 3 '39

September 24-6 3-10 25-0 317 25-3 3-24 25-5 3-26 25-2 3-30 25-9 3-32

October 24-3 3-04 24-5 3-09 24-8 3-15 25 1 3-20 25-4 3-24 25-6 3-27

November 23-9 2-98 24-6 3-09 25-1 318 25-0 3 18 25-5 3-26 25-7 3 29

December 24-0 3 00 24-5 3-09 24-9 3-15 24-5 3-08 25-2 3-22 25-5 3-25

1890.

January 22-4 2-72 23-5 2-92 24-5 3-09 22-2 2-68 24-3 3 04 25-1 3-20

February 22-9 2-81 24-0 2-98 24-2 3-05 24-0 3-00 24-8 3-14 24-8 3 14

March 23 0 2-82 23-9 2-99 24-4 3-06 23-5 2-92 24-8 3-14 25-2 3-21

April 24 1 3-02 24-5 3 09 24-9 3 15 24-7 3 12 25 1 3-20 25-2 3-21

May 24-2 3-03 24-5 3-09 24-8 314 24-7 3 12 25-1 3-20 25-2 3-21

June 24-2 3-03 24-6 3 11 24-9 3 15 24-5 3-09 24-9 3 17 25-2 3-21

July 24 1 3-02 24-6 3-09 24-9 3 15 24-7 3 12 25 1 3-20 25-2 3-21

August 24-3 8 05 24-8 3-15 25-0 3-19 25-2 3-21 25-4 3-25 25-6 3-28

September 24-9 3-15 25 1 3-18 25-3 3-22 24-9 3 17 25-4 3-25 25-6 3-28

October 23-5 2-90 24-1 3-02 24-5 3-09 23-8 2-96 25-0 3 17 25-2 3-21

November 20-8 2-44 22-4 2-70 23-0 2-83 23-5 2-92 24-4 3-07 24-8 313

December 23-1 2-83 23-7 2-95 24-2 3-03 24-0 2-99 24-4 3-07 24-7 3 11

1891.

January 24-3 3-05 24-5 3-09 24-6 310 24-7 3-12 24-8 3-14 24-9 317

February 23-5 2-89 24-1 3-02 24-3 3-06 23-8 2-96 24-7 3 12 25-0 3 18

March 23-8 2-96 24-2 3-04 24-4 3 07 24-3 3-05 24-8 3 15 25-0 3-18
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SECTION 0.—CONTEMPORARY WORK.

AN ACCOUNT OF CONTEMPORARY SCIENTIFIC FISHERY
WORK AND FISHERIES IN THIS AND OTHER COUN-
TRIES. By Dr T. Wemyss Fulton, F.R.S.E., Secretary for

Scientific Investigations.

In the following pages I have brought together and summarised the

information available as to the present condition of the sea fisheries in

most of the countries of the world which possess sea fisheries and fishery

departments, and the various means being employed for their conserva-

tion and improvement. This has been possible only by the generous co-

operation of those engaged in fishery work in this country and abroad,

and the present account is, I believe, the most complete ever published.

The chief points brought out in this comparative study of contemporary

fislieries are :

—

1. A general complaint of the depopulation of territorial and inshore

waters from over-fishing. This complaint is made in all the

States whose territories border the North Sea, namely, Norway,
Denmark, Germany, Holland, Belgium, and France. The sta-

tistics of the English North Sea fisheries also show a great and
almost continuous decline in prime fish.

The measures proposed or adopted to meet this diminution are (1) the

total or partial prohibition of certain modes of fishing deemed
injurious

; (2) the enforcement of close times
; (3) prohibition

of the capture, landing, or sale of immature fish; (4) pro-

tection of spawning grounds
; (5) the destruction of the enemies

of the food fishes, as seals, porpoises, &c., in certain continental

fisheries
; (6) the establishment of hatcheries on the coast for

sea fish and edible shell fish.

Examples of all these may be found below. Regulations regarding

immature fish exist in Denmark, France, and Italy; similar

regulations are proposed in Belgium and Holland. Sea fish

hatcheries exist in the United States, Newfoundland, Canada,

and Norway, and it is proposed to establish them in Belgium
and France. In Newfoundland last season 400,000,000 young
lobsters and 17,000,000 young cod were hatched and planted

on the fishing grounds ; this season 192,500,000 young cod were

hatched in Norway and planted in the inshore waters.

2. The extension and organisation of scientific investigations in con-

nection with fisheries. During last year vesssels have been en-

gaged in making explorations of the fishing grounds by the

Governments of Germany, Denmark, Russia, Sweden, Italy, and
the United States. An expedition is at present engaged in

similar work off the west coast of Ireland, and the Belgian

authorities propose to equip their fishery cruiser in order to

undertake work like that done by the * Garland.' A number



of the Fishery Board for Scotland. 389

of marine laboratories have been established. There is one in

Italy, one in Austria-Hungary, eleven or twelve in France, one

in Holland, one in Denmark, and several in the United

States. The German Government have decided to erect one at

Heligoland in connection with their North Sea fisheries.

One cannot but be impressed by the energetic efforts being made by
the various governments to organise, conserve, and promote their sea

fisheries in every way possible, and to acquire and diffuse information

from other countries likely to prove beneficial. In many countries periodic

official reports are obtained from abroad, and many missions of inquiry

are made, especially perhaps to this country. Good charts and descrip-

tions of our fishery harbours are to be found in German Reports.

I have to thank many foreign fishery authorities for assistance in this

department ; not merely in sup23lying reports and publications referring

to their work, but in furnishing, promptly and readily, all information in

their power on points submitted to them.

Among these I may mention M. Eaveret-Wattel, Secretary to the

Societe d'Acclimitation de France ; Dr P. P. C. Hoek, Scientific Super-

intendent of Dutch Fisheries; Captain Drechsel, the Superintendent

of Danish Fisheries, and the Naturalist Dr Petersen ; Professor Pouchet,

the Director of the Concarneau Laboratory ; Professor Marion, the

Director of the Laboratoire d'Endoume, Marseille
;
Captain Dannevig,

the Superintendent of the well-known hatchery at Flodevig; Senor

Rafael Gutierren Yela, of the Spanish Fisheries Department ; Sir Charles

Tupper, the High Commissioner for Canada ; Mr Nielsen, the Super-

intendent of the Newfoundland Fisheries ; Professor Giglioli, of Florence
;

and Drs Malm and Lundberg, the Inspectors of Swedish Fisheries. Among
those at home who have been always willing to co-operate I must specially

mention Sir Thomas F. Brady and the other Inspectors of Irish

Fisheries, and Professor M'Intosh, F.R.S. ; also Mr Olsen, Secretary of

the Grimsby Marine Fisheries Society ; and Mr J. Wrench Towse, the

Honorary Secretaiy to the National Sea Fisheries Protection Association.

I have also to thank Mr F. G. Binnie for translating the Swedish
Reports and part of the Danish ; Mrs W. Ramsay Smith for translations

from the Dutch ; and Mr W. Anderson Smith for the abstract of the

Spanish Reports, which is included below.

I. GREAT BRITAIN.

1. England.

One of the most important events connected with fisheries in 1890
was the assembling in London of an International Conference of

Representatives of Maritime Powers, convened under the auspices of

the National Sea Fisheries Protection Association, "to discuss the

question of remedial measures necessary to be taken for the preserva-

tion and development of the fisheries in the extra-territorial waters of

Europe." The Conference was under the Presidency of Sir Edward
Birkbeck, Bart., M.P., and delegates were present from the following

countries :—Belgium (M. Edouard Seve) ; Denmark (Captain C. F.

Drechsel) ; France (M. Gestin)
;
Germany (Professor Dr Hensen) ; the

Netherlands (Dr P. P. C. Hoek); and Spain (His Excellency Com-
modore Manuel Fernandez-y-Coria) ; United Kingdom (Sir Edward
Birkbeck, Bart., Mr John Hall, and Mr Joseph Barbour). Repre-
sentatives were also present from various fishery organisations, from
the Marine Biological Association, and from the Fishery Board for
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Scotland. The reason which led to the Conference being called was

the falling off in the quantities of valuable flat-fish captured in the

North Sea, and the desire to prevent this by preventing the capture and

sale of immature fish.

After two days' discussion, the following resolutions were carried :

—

* 1. That this Conference considers it desirable that an Official Inter-

* national Conference of European Maritime Powers should be
* held with the view of concluding a Convention for the
* prohibition of the landing and sale of undersized flat-fish

* within their respective jurisdictions.'

' 2. That the National Sea Fisheries Protection Association be re-

' quested to formulate a set of questions, with a view to

' obtaining Scientific and Statistical information in relation to

* undersized fish, and forward it to each delegate, in order
' that he may submit it to his Government for adoption.'

There was general agreement as to the utility of scientific investigations
;

those recently made by the Scottish Fishery Board, particularly on the

capture and destruction of immature fish, were specially commended.
Since our last Report appeared, the Marine Biological Association of

the United Kingdom have published two additional numbers of their

Journal, and also a special work on the Common Sole, by Mr J. T.

Cunningham, the naturalist to the Association. In this Treatise,"^ which

is illustrated by eighteen beautiful plates, Mr Cunningham gives a very

full account of the most valuable of sea-fishes. The treatise is divided

i'.ito four parts : taxonomical, morphological, bionomical, and economical.

The classification of the flat-fishes is discussed ; the history of the genus

Solea given, and the British species described. In the morphological

section, there are chapters on the osseous skeleton, the muscular system,

the viscera and vascular system, the nervous system, the skin, &c., and

a chapter on embryology. Mr Cnnningham points out that the testes

in the adult sole are extraordinarily small in proportion to the size of

the body, and are quite concealed by the viscera. In a specimen, one

foot in length, the right testis was 13 mm. long, and the left 10 mm.
Further, while in other flat-fishes the testes become enlarged, soft, and
white in the breeding season, in the sole they only slightly enlarge,

and do not become either soft or white. The small size and incon-

spicuous character of the testes account for the statement so frequently

made, that male soles are very rare. Mr Cnnningham says that, in

reality, males are captured in greater numbers than females ; no figures

are however given to show the numerical proportions. The sole, which
feeds chiefly at night, appears to live principally upon annelids ; to

some extent on ophiurids. A description is given of experiments made
as to the chromatic changes in the skin of the sole ; the conclusion

being that the changes depend on the quantity of light acting on the

fish, not on the tint or texture of the ground on which it rests. In

regard to the spawning of the sole, Mr Cunningham states that only

a few ova are ripened at a time in a given female ; and that the spawning-

time (in the neighbourhood of Plymouth) extends from the middle of

February to the end of April, the greater number of fish spawning in

March and the early part of April. Comparatively few ova of the

sole were obtained by tow-netting (the largest number obtained at one
time was six), and no larvae The next stage discovered was after

metamorphosis, or * flattening'; the smallest were 12 to 15 mm. long,

* ' A Treatise on the Common Sole {Solea valgaris), considered both ."as an
* Organism and as a Commodity.' Plymouth. Published by the Association, 1890,
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and were obtained from shallow tidal pools in Mevagissey HarLour.

Soles spawned in March completed their metamorphosis by the middle

of May, when they were 12 to 15 mm. long; on May 31st they were

about 18 mm. long. Mr Cunningham failed to obtain any iirst-year

soles after they had reached this size, but he infers from other evidence

that in one year they grow to the length of five inches. The artificial

propagation of the sole is a matter of some difficulty, owing to the

character of the testes and the milt. Mr Cunningham, in May last

year, fertilised thousands of the eggs of the sole on board a trawl (!r

in the Bristol Channel, and a large number were successfully hatched,

but they all died as the yolk was absorbed and they began to feed.

Statistics are given which show the decreased quantity of soles now
landed in England, and artificial fertilisation of the ei'gs is recom-

mended.
The first of the numbers of the Journal of the Association* contains

several interesting papers. Mr W. L. Calderwood, for some years zoologist

on the staff of the Fishery Board for Scotland, has been appointed Director

of the Association's Laboratory, Plymouth, in succession to Mr G. C.

Bourne. As heretofore, the labours of the Association relate to the

scientific study of fishery questions, as well as pure zoology. In the

Report of the Council it is stated that, by the- co-operation of the medical

staff of the Deep-Sea Mission to Fishermen, an extensive inquiry has been

arranged into the presence of immature fish in deep waters in the North
Sea, their movements, and their destruction by beam-trawling. The in-

vestigation of the great offshore fishing banks, such as the Dogger,

especially in regard to the distribution of immature flat-fish, and the

presence of nurseries and spawning-grounds, will become more and more
important as time passes. The Association have begun experiments in

keeping young soles in enclosed ponds, with the view of rearing them to

a marketable size, and also as to cultivating soles in fresh water. It is

pointed out that the want of a suitable vessel for off'shore work is every

day more strongly felt. At present the Association possesses a small

steam-launch (the ' Firefly') ; but with a larger vessel it would be in their

power to undertake ' continuous and systematic investigations into the
' problenis of the spawning-grounds, nurseries, and migrations of fnod-
' fishes, valuable work such as the " Garland " is at present doing for the
* Scottish Fishery Board,' The experiments made at the laboratory at

Plymouth in the rearing of lobsters are being continued. Although these

experiments have not, from various causes, been yet completely successful,

they have furnished results of value as to the most promising methods,

and serve to show that a large body of water is required. After experi-

ments for a year or two in hatching and rearing operations at Plymouth,
it is stated :

• The conditions which seem to us most likely to yield success,
' both in hatching fish and lobsters, are the following :—The establish-
* ment of a large and deep pond (say 1000 square feet in area, and 2 to 3
' fathoms deep at some places) on a rocky coast, the levels being so
' arranged that it should stand always about four-fifths full, while the
* remaining fifth should fill through filters on the top of ordinary and
' spring floods, emptying slowly on the ebbs.'

Mr J. T. Cunningham, the naturalist of the Association, has reared a

number of flounder and brill in the tanks from early stages. The obser-

vations are of interest in regard to the rate of growth ; in the course of

three and a half months flounders grew from about half an inch in length

to 3 inches, and brill, in the course of two and a half months, from about

* Journal of the Marine Biological Association of the United Kingdom, now series

vol. i., No. 4, 1890.
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1 inch to over 2J inches. This number of the Journal also contains a

report by Mr G. C. Bourne on the Surface Collections made in the North
Sea and West of Scotland by Mr W. T. Greenfell, the superintendent of

the Mission to Deep-Sea Fishermen ; Notes on the Hydroids of Plymouth,

by Mr Bourne; a complete List of the Opisthobranchiate Mollusca found

at Plymouth, by Mr W. Garstang, with interesting observations on their

mori)hology, colours, and natural history ; and notes on the herring, long-

line, and pilchard fisheries of Plymouth during the winter 1889-90, by
Mr W. Eiach. In Mr Bourne's paper on the Tow-Net Collections made
in the North Sea, it is mentioned that an abundance of Teleostean ova

and larvae, in different stages of (levelo[)raent, were obtained in February

and March, at distances of from 30 to 60 miles from land. A consider-

able proportion of the ova are ascribed to the plaice, and the greater

number of the nev/ly-hatched larvae were Pleuronectids. Larval herrings

were obtained at 50 miles from land. A new Copepod, Hersiliodes

CanuensiSf is described.

In the last number of the Journal * the Director states that the services

of Mr H. N. Dickson, F.R.S.E., have been secured in connection with the

marine physical observations, which will in future be taken systematically

in the Channel and in the harbours and estuaries in the neighbourhood.

Experiments are also being conducted at Plymouth by Mr Hughes as to

the production of artificial bait. This number contains papers on the

following subjects :
—'The Plymouth Mackerel Fishery of 1889-90, from

' Data collected by Mr Wm. Roach,' by Mr Calderwood ;
* The Reproduction

' and Development of the Conger,' V)y Mr J. T. Cunningham ; 'The Head
* Kidney of Teleosteans,' by Mr Calderwood; 'The Tunicata of Plymouth,' by
Mr Walter Garstang ; 'Some Larval Stages of Fishes,' by Mr Cunningham.
In his paper 'On the Reproduction and Development of the Conger,

Mr Cunningham, after reviewing previous observations on sexually

mature specimens, gives an account of his own researches on the subject

since 1887. A few nearly but not quite ripe ova were squeezed from a

female on July 24th. They were chalk-white, opaque, had no separate

oil globules, and the egg-membrane was everywhere in close contact with

the vitellus. The eggs sank in sea-water ("density 1-027). An hour

after extrusion a perivitelline space had developed, but the vitellus

remained opaque, and there was no indication of blastodisc. In this con-

dition the diameter was 1'6 mm. Attempts at fertilisation with ripe milt

failed. The females are much larger and more numerous than the males

(23toll).t
Mr Cunningham concludes from his observations that the conger dies

after spawning, and that the spawning extends over several months—from

about April to October— or even throughout the year. Mr Cunningham
discusses what is know or surmised regarding the ova of the conger after

they are shed, and the larva. He considers that Ratfaele's observations

at Naples have all but proved that the ova of the Muraenidae are pelagic,

and that one of the eggs described by that naturalist is probably that of

Conger vulgaris.

In the fourth volume of the Proceedings of the Liverpool Biological

Society Professor Herdman gives an account of the researches carried on

* Journal of the Marine Biological Association of the United Kingdom, New Ser.,

vol. ii. No. 1, May 1891.

+ In my paper on the ' Comparative Fecundity of Sea Fish ' {vide p. 243), I have
shown that among fish producing isolated pelagic ova there is nearly always a

preponderance in numbers and size of females, and that among fish with demersal

ova shed rapidly thp males are more numerous (Salmon, Cyclopterus, Anxirrhichas),

or about equal in numbers (herring, sand-eel). This supports Mr Cunningham's
opinion that the ovum of the conger is buoyant.
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at the Marine Biological Station at Puffin Island.-^ One of the special

ohjt'cts of the promoters of this institution is to make a thorough investi-

gation of the marine fauna and flora of the district ; and already over

1500 species have been recorded, from diatoms to seals and* cetaceans.

Many of these are new to British seas, and several new to science,

Professor Herdman describes what he has done in the demarcation of

biological zones on the shore, and recounts some observations and experi-

ments on two organisms that live above high-water mark, Harpadicus

fidvns and Littorina rudis. These have naturally become habituated in

great measure to terrestrial conditions. In the experiments the copepod

thrived and reproduced in almost fresh water, while the mollusc lived

longer in fresh water than in sea water, and can live best of all in air.

Professor Herdman gives an account of the fifth cruise of the 'Hytena'

in the neighbourhood of the Isle of Man, and of further successful experi-

ments with the electric light in tow-netting. In a paper on Monstrilla

and the Cymbasomatidse Mr J. C. Thompson describes a new species,

Monstrilla longicornis, and discusses the relationship of the genus. While

agreeing with Mr Bourne that the term Cymhasoma must be withdrawn

in favour of Monstrilla^ Mr Thompson adheres, to the view !,that this

remarkable group forms a distinct family, the Cymbasomatidse. The
volume also contains a report upon the Nudibranchiata of the district

by Professor Herdman and Mr J. A. CKibb, which includes an account

of interesting experiments made to test the edibility to fish of various

species of nudibranchs. There are also papers by Dr Hanitsch on the

Porifera of the district, and by Mr A. 0. Walker on the Higher Crustacea

of Liverpool Bay.

The Fifth Report on English Sea Fisheries,! contains reports by the

three inspectors. It is stated that during 1890 considerable progress was
made in carrying into effect the Sea Fisheries Regulation Act, 1888;
sea fisheries districts having been formed for the coasts of the counties

of Northumberland, Durham, the North and East Ridings of Yorkshire,

a portion of the Parts of Lindsey in Lincolnshire, portions of Essex and
Kent, Cornwall, portions of Glamorganshire and Cheshire, Lancashire,

Westmorland, and a portion of Cumberland, embracing altogether up-

wards of 700 miles of coast. The District Committees in some cases have
drawn up very stringent regulations regarding certain modes of fishing,

the mesh of nets, close times, the deposition of ashes, rubbish, &c.

It is pointed out that the number of steam trawlers is increasing. The
value of the sea fisheries of England and Wales last year was .£4,742,612

;

the number of fishing boats registered (besides some undecked boats) was
8050, of which 700t5 were reported as employed during the year ; the

number of fishermen and boys constantly emploj^ed is given at 32,503,
and the number of persons occasionally employed at 9312. Mr Frj^er

states that the English oyster fisheries suffered very much from the

severe winter of 1890-91, the destruction being chiefly in the French
oysters imported for fattening; at W^hitstable hardly a single one of these

have survived. It is also stated that the ' worm disease ' has appeared in

some of the oyster-beds in the neighbourhood of the Thames estuary
;

due, seemingly, to Polydora ciliata. Mr Fryer deals at some length with
the immature fish question, and he discusses various ways in which
regulation might be carried out. Attention is also called to the use
of the shrimp-trap in the French coast {vide pp. 209, 210). The Report

* 'Third Annual Report of the Liverpool Marine Biological Station on Puffin
* Island,' Proc. Biol. Soc, Liverpool, vol. iv. p. 36, 1890.

t Sea Fisheries, England and Wales, Fifth Annual Reports of the Inspectors
{for 1890).
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contains the usual appendices, and also some referring to the District

Committees.

The Committee of the Northumberland Sea Fisheries District have
passed a bye-law, confirmed by the Board of Trade, prohibiting beam
trawling within the limits of the district, with penalties for contravention

not exceeding £20, with forfeiture of the fishing gear and sea fish

taken.

By the request of the Northumberland Sea Fisheries Committee, Mr
William King has published, in pamphlet form, a paper on Mussels and
Mussel Culture, read before that Committee. An experiment made by
Mr King to transplant the dwarf mussels found in immense quantities

near low-water mark to deeper water in Buddie Bay failed. The mussels

were found to spat in July, August, and September, the period varying

with the temperature. The author estimates that it would take 2000 tons

of mussels annually to supply bait to the fishermen of the Northumberland
coast, and he expresses doubt that any one area on the Northumberland
coast can furni-sh this quantity, the proper course being to form beds at

each fishing village. He estimates the cost of obtaining mussel bait at

present at .£7, 12s. 6d. yearly for each fisherman, and calculates that if

such local beds were formed the fishermen of Northumberland would be

saved an annual expenditure of £4500.

Dr J. H. FuUarton, of the Board's Scientific Stafi", recently published a

paper on the Oyster Fishery of Scotland.* The previous very flourishing

condition of the native oyster beds, as indicated in Statistical Accounts

and contemporary literature, is described, and the methods of culture

used in France and Holland explained.

2. Ireland.

In 1887 the Royal Dublin Society appointed a Fisheries Committee,

and requested Kev. W. Spotswood Green, now one of the Inspectors of

Irish Fisheries, to report as to how the Society could assist in encouraging

the fisheries in the South of Ireland. After inquiries and reports, the

matter was brought to the notice of the Chief Secretary for Ireland at the

end of 1889, who wrote to the Society, pointing out the utility of an

inquiry into the amount and distribution of the fish supply on the west

coast of Ireland. ' So far as I have been able to discover,' he says, ' no
' survey, even approximately complete, has ever been attempted of these
* waters, for the purpose of determining how far they are suitable for

' supporting a large fishing population. In the absence of information on
' this point, any efforts which may be made to stimulate the industry in

' the West of Ireland must evidently be carried on in partial ignorance of

* one of the most important elements of the problem which presses for

* solution.' t He also added, that if the Society could do something to-

wards the investigation of this question they would effect a very valuable

work in the interests of Irish fishing. After conferences between Mr
Balfour and the Fisheries Committee, it was arranged to undertake the

proposed survey, the Government and the Royal Dublin Society eacli

contributing £600 annually for the purpose. Two expeditions have been

made under the direction of Mr Green, and that gentleman's Report on

the first of these, in the steamer ' Fingal,' specially equipped for the work,

was recently published, f Mr Green was accompanied by Professor Had-

don and Professor Prince (the place of the latter being subsequently taken

* Proc. Phil. Soc. Glasgow, 1891.

t Proc. Eoy. Dublin Soc, ' Report of Council,' Appendix E., p. 27, 1890.

t Op cit
, p. 29.
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by Mr Ernest Holt, from St Andrews Marine Laboratory). Mr Green

made inquiries as to the system of investigation pursued by the Scottish

Fishery Board, and a plan similar to that followed during the past three

years on board the * Garland ' was adopted. Physical observations were

taken at each station ; the number and size of the fish captured, the pro-

portion of males and females, the degree of maturity of the reproductive

organs, and the contents of the stomach, were recorded on forms prepared

for the purpose ; and collections of pelagic ova and larval fishes, and of

the pelagic and bottom fauna were made. When the information thus

acquired comes to be worked out, it will allow of a most valuable com-

parison being made between the reproduction, food, &c. of the fishes,

and of the biological and physical characters of the fishing grounds, on the

west coast of Ireland, which adjoin a great ocean, and those on the east

coast of Scotland, on the edge of a confined and shallow sea. In addition,

drift nets for mackerel, &c., and long lines were employed, the vessel,

unlike the * Garland,' being large enough to venture to some distance from
shore. The extent of coast investigated last year waj? from Dursey Head
in West Cork to Malin Head in Donegal, and Mr Green gives a general

account of the various grounds visited. The results will be dealt with in

subsequent scientific reports. Pelagic fish ova were found to be far more
abundant in the open sea than in sheltered bays ; in the latter, larval

Crustacea abounded, and experiments in a test tube showed that they de-

voured the pelagic ova. Mr Green thinks it probable this may account

for the scarcity of pelagic ova in the localities mentioned. It may, how-
ever, be, as I showed in last year's Report in regard to the east coast of

Scotland,* that the spawning grounds lie ofi'shore, their position depend-

ing largely upon the physical conditions, especially the set and rate of

surface currents, and the time which the ova take to hatch ; so that as

the latter approach the shore, where they would be liable to being stranded

and destroyed, the larvae escape, and few eggs are to be found. Immature
specimens of the witch sole, the lemon sole, and other flat-fish, about an
inch long, were got on the bottom of the deep sea. This agrees with the

observations made in the ' Garland,' and shows that flat-fish nurseries are

not limited to shallow inshore waters.

The first instalment of the scientific results of this survey of the Irish

fishing grounds has been recently given by Mr Ernest Holt in a valuable
paper recently published,t those, namely, dealing with the eggs and larvae

of teleostean food fishes. Among others the ova or larvae, or both,

of the following are described, Trachinus vipei^a, gurnard ; Gohius niger^

dragonet
;
Lepadogaster, hake, turbot, lemon dab, Pleuronedes cynoglossus^

sprat. A number of ova not identified are described and figured.

At the present time a second expedition, under the direction of Mr
Green, is busy on the west coast of Ireland.

The Inspectors of Irish Fisheries recently held several inquiries into

complaints made against beam and otter trawling at various parts of the
Irish coast. In a report on their inquiries regarding the influence of
trawling in Lough S willy, County Donegal, | the inspectors state that the
substance of the allegations of the fishermen against trawling was—(1)
that it is injurious to the fisheries of the bay generally, and has reduced
the quantity of fish materially

; (2) that it destroys the spawn and
spawning-beds of fi.sh

; (3) that it destroys large quantities of miniature
* 'The Spawning and Spawning Places of Marine Food Fishes,' Eighth Ann.

Eep. Fishery Board, part iii. p. 258, 1890.

+ Scientific Trans. Roy. Dublin Soc, vol. iv. (ser. ii.) p. 435, 1891.

t ' Report from the Inspectors of Irish Fisheries on an Application received by them
' from certain Fishermen to make a Bye-law prohibiting Trawling in Lough Swilly,
' County Donegal.' Dublin, 1889.
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fisli
; (4) that it frightens away migratory fish. It appears trawling has

been carried on in Lough Swilly for the last eighty years, but between
1844 and 1869 it was restricted by bye-law to a certain portion only.

The conclusions of the inspectors are, that the fishing industry in the

lough and the quantity of fish captured by line and net-boats have greatly

diminished, that the quantity captured by trawlers has not decreased,

and that one of the causes of diminution in the capture of fish by net and
line fishermen arises from the insufficiency of proper boats and gear.

They point to the absence of means of testing the effect of closing the

waters hy scientific investigations, and on that ground the prayer of the

petitioning fishermen was not acceded to.

A second report contains the results of their inquiries into trawling in

Kenmore and Bantry Bays."^ The evidence was of the usual nature, and
the inspectors were of opinion that the complaints had not been established

by the evidence, and that no bye-law was at present necessary or exped-

ient. A third inquiry was into the influences of trawling by steam

vessels off the coasl of the county of Waterford.f The inspectors decided

that steam-trawling should be prohibited in a part of Waterford Harbour,

and also off a certain part of the Waterford coast.

The Inspectors of Irish Fisheries also issued a special report on the

mackerel fishing in Ireland at the close of the fishing in the spring of

18y0. This spring fishing is carried on chiefly off the south and south-

west coasts, the fish being nearly all exported fresh, packed in ice, while

the fish obtained in the autumn are Halted in barrels and sent to America.

1258 boats were engaged, 345 of which were Scotch or English, and 58
French. Last year the number of boats was 712. The quantity of

mackerel captured was 267,806 boxes, for which the fishermen received

£182,024.

IL CANADA.

The Canadian Government have followed in the footsteps of their

neighbourvS, the United States and Newfoundland, in erecting a hatchery

for sea fishes and lobsters. Mr Wilmot, the Superintendent of Fish
Culture in the Dominion, recently visited the Newfoundland hatchery at

Dildo Island, and the Fishery Department have nearly completed a

building with the necessary appliances for lobster culture on a somewhat
large scale, at Bay View, near Pictou, on the Northumberland Strait

in Nova Scotia. It is expected that the hatchery will be ready for

operations in June, that a large supply of lobster ova will be readily

obtained from the neighbouring lobster factories, and that a large output

of young lobsters w^ill be the result. The Wilmot Automatic Glass

Incubator, so largely employed in hatching whitefish (Coregonus) will

be used.

The Annual Report of the Department of Fisheries of the Dominion of

Canada for 1889 contains an account of the yield and condition of the

various firsheries during the year, reports from the Inspectors of Fisheries

of the Provinces cm account of the operations in fish-breeding, inquiries

into the pollution of rivers and the decline of oyster-grounds, and other

matters of interest. Extensive statistical tables show the quantity and

* Report of Inquiries held by the Inspectors of Irish Fisheries into the State of

the Fisheries of Kenmore and Bantry Bays, and the Effects of Steam arid other
Trawling thereon, Dublin, 1890.

+ Report of Inquiry held by the Inspectors of Irish Fisheries into the Application
made to them to exercise the powers given by the Steam-Trawling (Ireland) Act,

1889, and prohibit steam-trawling within three miles of the county Waterford
coast.
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value of the fish caught in the different Provinces, the number of boats

and men, (fee. These tables would be of greater value if precisely the same

method was followed of arranging the matter in those from each Province.

The following Table, which I have compiled from the provincial statistics,

shows the number of men and boats engaged in the Canadian fisheries in

1889, and the value of the boats and nets :

—

Vessels. Boats.

Province.
No. of Value of Nets,

Traps, &c.Men.
Value.No. Value. No.

Nova Scotia, . 27,334 644
%

1,427,165 14,129
$

329,503
$

642,409

New Brunswick, 10,527 156 89,468 5,132 231,042 493,970

Prince Edward
Island, . . 4,245 64 42,760 1,293 42,874 118,935

Quebec, . 11,583 97 106,025 5,833 .169,438 210,149

Ontario, 3,528 60 134,700 1,590 101,868 315,058

British Colum-
bia, . . . 7,786 79 264,800 1,577 90,285 220,987

Total, . . 65,003 1100 2,064,918 29,554 965,010 2,001,505

The number of men engaged in fishing—65,000—is considerably greater

than in Scotland. The total value of vessels and boats was 3,029,928

dols. In addition to what is stated in the Table, several hundreds of

boats and men are employed on Loch Winnipeg, Manitoba.

The total value of the Canadian fisheries in 1889 (exclusive of the con-

sumption by Indians, estimated at 3,315,500 dols.), was 17,655,256 dols.,

showing an increase of 236,745 dols. over 1888. There was an increase

in most of the Provinces, but a decrease in Nova Scotia of 1,470,308 dols.

The cod, salmon, and herring fisheries furnish more than half of the total

value. The lobster fishing is valued at 1,484,488 dols. (£309,000), and

the oysters landed at 189,897 dols.

There is a close-time for oysters, from 1st June to 15th September, and

for lobsters from 1st July (or 15th in some Provinces) to 31st December.

The vessels for the protection of the fisheries consisted of five steamers and

two schooners ; the total cost of this protection service amounting to over

£14,000. The Canadian Government, like several European Governments,

pays certain bounties to fishermen, under an Act of 1882, ' to encourage the
* development of sea fisheries and the building of fishing vessels.' Since

that year 150,000 dols. (about £31,000) has been annually distributed

among fishermen and fishing vessels. The amount of money expended

by the Governtnent in fish breeding and hatching operations in 1889 was
above £8600. On the other hand, a considerable revenue is derived

from rents, fishery licence fees, and fines; this amounted in 1889 to

£9608.
The oyster-fishing in Canada, as in many other countries, is at present

receiving much attention. Besides the native produce, there were im-

ported in 1888, 1698 barrels, 198,543 pounds canned or preserved, and
234,502 gallons shelled in bulk. It is said that over two-thirds of the

oysters consumed in the Dominion are imported. The area of oyster

grounds on the coast is said to be very extensive, and the Commissioners
say that oysters of the finest description might be raised in enormous
quantities were the natural facilities for their culture enhanced by a

proper system of cultivation and protection. In 1889 the salmon fisheries

in British Columbia were very prosperous, owing to the unprecedented
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run of fish on the Frazer Kiver. No less than 20,122,128 1-lb. tins were

packed, of the value of 2,414,655 dols.—an increase of 11,288,184 lbs.

over 1888. In the Appendices there are special reports on the saw-dust

nuisance, and on the fish-breeding operations throughout the Dominion.

The lumber-mills along the banks of certain rivers pour immense quan-

tities of saw-dust into the rivers, with great alleged detriment to the

fishings.

III. NEWFOUNDLAND.

In last year's Keport it was stated that the Government of Newfound-

land had established a hatchery at Dildo Island for lobsters and cod,

under the charge of Mr A. Nielsen, Superintendent of Fisheries. In

their Report for 1890 the Commissioners describe the operations carried

on by Mr Nielsen at the hatchery last year.* The hatchery is capable

of turning out 300 millions of young cod every season ; but owing

to the remarkably low temperature in the spring of 1890, spawning

cod were not caught until late in June, and this circumstance pre-

vented the hatchery working up to its full capacity. Nevertheless,

Mr Nielsen succeeded in hatching in July 17,000,000 cod, which were

planted in the waters of Trinity Bay. In the autumn it was reported by

the fishermen that they repeatedly saw large shoals of very small cod-fish,

from 1 to 2 inches long, such as they had never seen before, and Mr
Nielsen has no doubt that these represent the fry planted in the summer.

The Commissioners naturally regard the result as * satisfactory and en-

' couraging, and as affording abundant warrant for perseverance.' They
also point out that ' the highest authorities are becoming more and more
' unanimous as to the desirability of the artificial propagation of cod and
' other marine food-fishes by the million wherever the waters have been
' exhausted,' and that such measures are more important than restrictive or

protective measures. The number of lobster ova hatched, and the young
planted in Newfoundland waters in the course of last year, was 406,005,300.

Part of these were hatched at the Dildo Laboratory, and part in floating

incubators at certain parts of the coast. It is proposed to enclose a large

area of salt water, called Holyrood Pond, and to transform it into a sea-

fish preserve. Mr Nielsen points out the difficulties regarding the insti-

tution of a minimum size for lobsters, and suggests that the immature
individuals may be best protected by dealing with the instrument of

capture—the lobster-pot. An attempt is also to be made to test whether
it would pay to introduce Newfoundland live lobsters to the British

markets.

A number of other investigations have been undertaken by Mr Nielsen

regarding the cure and exportation of herring, the canning of caplin, the

use of periwinkles as bait, &c. The Fisheries Commission also issued a

Eeport by Mr Nielsen on 'The Cure of Cod-fish and Herrings,',! containing

descriptions of the various methods employed in different countries in the

cure and preparation of those fish. Two thousand copies were circulated

among those engaged in the fisheries.

IV. NEW SOUTH WALES.

In this Colony a fully-organised Fishery Department has been in

existence for some years. By the courtesy of Mr Lindsay Thompson, the

* Annv/il Report of the Newfoundlavd FisTieries Commission for the Year 1890,
St John's, Newfoundland, 1891.

t The Cure of Cod-Fish and Herrings, by Mr A. Nielsen, St John's, Newfound-
land, 1890.
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Cliief Inspector of Fisheries, a series of the Annual Reports of the Depart-

ment have been sent to the Fishery Board. The Fishery Commissioners

are five in number, Dr J. C. Cox being President, and the staff numbers
thirty-seven persons. There is a Chief Inspector (who is also the

Secretary), two Divisional Inspectors, a Travelling Inspector, eleven

Assistant Inspectors, ten Acting Assistant Inspectors, and three Assistant

Inspectors for Inland Waters. In the last-published Report* it is stated

that the efforts at fish-acclimatisation have met with considerable success,

especially in introducing trout-fry. It is proposed to introduce some of

the American Salmonidae. In New South Wales the oyster industry has

received considerable attention. Almost all the coast waters are oyster-

bearing ; but the largest beds are at Port Stephens, the Hawkesbury,
Clarence, and Clyde rivers. In 1883 the Fisheries Commissioners drew
up a Bill for the Development and Regulation of the Fisheries, and the

Preservation and Culture of Oysters—the Fisheries Act then in force

being considered imperfect. By this Bill powers were given to the Com-
missioners to institute close-times, to regulate the mesh of nets, &c., to

prevent the sale of immature fish (the minimum standard being a certain

weight—not a measurement—for the various kinds of fish), to issue licenses

to fishermen engaged in fishing for lobsters, crabs, or prawns (as in

Canada), Szc. In regard to oysters, it was provided that plans should be
prepared of all estuaries and creeks, and that a system of crown leases

for oyster culture should be established. By the ' Oyster Fisheries Act,
* 1884,' the indiscriminate dredging of oysters (under licence), which was
working great havoc, was ^topped, and a system of leasing the oyster-

bearing areas was substituted, ' the Crown, on its part, affording to the
' lessees such an absolute control over their leased areas, and such com-
* plete protection against trespass,' that the Commissioners were warranted
in expecting increased supplies. Within five months from the Act
becoming law, 700 applications were made, the area applied for represent-

ing 505,000 lineal yards of foreshore
;
by the end of the year, 1831 leases

were applied for. The lesees hold their areas at a nominal rental of 20s.

for every 100 lineal yards of foreshore, and as these areas extend into

deep water on an average quite 800 yards, and sometimes 600 yards, the
area leased for this sum represents from 6 to 12 acres. Up to December
1887, a royalty of 3s. on each bag of oysters was collected, but this

royalty was then abolished.

It appears that these measures of the Government have not been suc-

cessful. The yield of Colonial oysters, and the imports for the five years

1885-1889, are as follows :—

Yield of Native
Beds. Imports.

1885, . . 12,801 bags
1886, . . 14,774 „ 4,906 bags
1887, . . 9,864 ,, 4,768 „
1888, . . 9,184 „ 13,318 „
1889, . . 6,914 ,, 11,261 „

The imports are almost exclusively from Xew Zealand and Queensland
The falling off in the production of native oysters seems to be due partly
to improvidence of many lessees, partly to unfavourable weather, and
partly to the ravages of disease. There has been a decreased revenue
from oyster leases, and the lessees are in arrears to the Government to the
extent of £1990. In 1889 the revenue derived under the Fisheries Act
and the Oyster Fisheries Act was £3247, lis. 5d. ; of this sum £2492,

* * Fisheries of the Colony of New South Wales.' Report of the. Coramisd<yners of
Fisheriesfor the Year ending Zlst December 1889, Sydney, 1890.



400 Part III.—Ninth Annual Bcport

Is. 5d. accrued from oyster leases, and <£755, 10s. from licenses for fisher-

men (908 in number), and for fishing- boats (388). In the Reports a

number of statistical tables are given, showing the quantities of fish

brought to Sydney market, &c. The value of these in 1889 was £34,311.
Several attempts have been made to introduce trawl-net fishing into

Australian waters. In recent experiments the net used w^as an immense
patent otter-net, with an expansion of mouth of about 200 feet, and a

total length of 360 feet. This huge engine is worked between two steam
vessels, as in the case of the Spanish system {Arte del Bou).

In the records of the Australian Museum are given the results of a

research by Mr Thomas Whitelegge into a worm disease of the Australian

oyster, which was made at the request of the Commissioners of Fisheries

of Is'ew South Wales. The disease is caused by the presence of a small

worm, Polydora (Lucodore) ciliata, which, in the larval condition, enters

the oyster and forms a tube of mud, which is soon covered up by a layer

of shelly deposition secreted, by the oyster. Many of these worms may
be present in one oyster ; hence the ettect of the blister-like structures is

gradually to fill up the space, and the oyster is reduced to * a mere skin,'

incapable of secreting any shelly matter. Entire oyster-beds on some
parts of the coast of New South Wates are thus affected, especially those

on mud flats about low water, and the artificial beds in deep water. The
latter are composed of oysters from the mangrove flats, which are also

infested with the worm. The remedy recommended, is to remove the

oysters and keep them dry for ten days or so, which suffices to kill the

worm, and then to replace them.

Port Jackson Harbour, at Sydney, was visited for a few months at the

beginning of the present year (1891) with a plague of Infusoria (Pm-
dinium), which discoloured the water and killed immense numbers of

young oysters, limpets, periwinkles, crabs, &c. Nearly all the oysters and
mussels were destroyed, and annelids, cchinoderms, polyzoa, &c., suffered

more or less ; so that fish disappeared and the shores stank. Public

attention was strongly aroused on the subject, and one good result of the

visit of the Peridinium will probably be the establishment of a marine

biological station at Sydney, which is recommended.

V. NEW ZEALAND.

The Marine Department of the New Zealand Government have been

good enough to send us copies of their Annual Reports for the last five

years, and other publications. In a special report f certain investigations

into the abundance of edible fish in New Zealand waters are described,

and there is much interesting information as to the native fish and the

methods of fishing. It may be noted that the anchovy {Engraulis

encrasichohis) is found in New Zealand waters. The most important of

the fishing industries is that for oysters. In New Zealand, as elsewhere,

the natural beds have been much injured by excessive fishing. The New
Zealand Government have closed various of the more important beds for

periods of years, with beneficial results for a brief time. The Assistant-

Secretary (Mr Lewis H. B. Wilson) puts the matter tersely :
—

' I desire

* again to draw attention to the desirability of legislating so as to preserve

* our oyster-beds It would appear that one of the most feasible

* Records of the Australian Museum, edited by the Curator, Dr E. P. Ramsay,
vol. i., No. 2, Sydney, 1890.

t Papers relating to the Development of Colonial Industries, ' I. Fisheries, I—H '

15, Wellington, 1885.
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' means of preserving the oysters would be to lease the beds, subject to
' strict conditions as to maintaining them in full bearing. At present the
' only practical way to preserve them is to close them entirely. This
' is effectual as long as it lasts ; but once the beds are opened, they are
' rushed, and in a few months the benefit gained by keeping them closed
' for years is lost.' * Statistics of the yield are not given annually ; but
in 1885 New Zealand exported—chiefly to Sydney and Melbourne

—

1,228,215 dozens of oysters, valued at £5529.
The New Zealand Government have been specially successful in intro-

ducing valuable food fishes from other countries. The salmon was
introduced some years ago by the aid and co-operation of Sir J. R.-

G.-Maitland, Bart. In 1888 an additional importation of 632,850
salmon ova was made. For the last eight or nine years a close-time

has been enforced for fur seals ; this measure was rendered necessary by
the indiscriminate slaughter that took place for a number of years.

At the meeting of the Association for the Advancement of Science a

few months ago, at Auckland, Sir James Hector, the President, urged the

need of the establishment of a zoological station for the study of the

habits of sea fishes, and for the hatching of marine fishes and shell-fish of

commercial value.

VI. UNITED STATES.

The artificial propagationVf the cod, begun by the Fish Commission a

few years ago on tlie coast of Massachusetts, has resulted in success. In
the autumn of 1889 the fishermen reported an abundance of small cod
on Nantucket Shoals ; and during last summer these fish, somewhat
larger, have appeared in enormous numbers. The Commission says

:

' When the Commission began to hatch cod, many of the old fishermen
' were sceptical as to the results. . . . They now, however, are convinced
* that the work will be vastly beneficial to them, and are unanimous in
' conceding that the phenomenal abundance of small cod off Nantucket
* Shoals is due to' the efi'orts of the Fish Commission.' The Maine
Commissioner of sea and shore fisheries states in his Report that there is

a continued decrease in the catch of lobsters off* the coast. The total

catch in 1890 was 20,000,000, a decrease of 5,000,000, or 20 per cent.,

from the catch for 1888, and of 10 per cent, from the catch for 1889.

In 1890 the average length of the lobsters offered for sale was about

10^ inches, and the average weight 2 lbs. Ten years previously the

average length was 13 inches, and the average weight 3-J to 4 lbs.

In 1888 the U.S. Fish Commission steamer, 'Albatross,' made an
extensive exploration of the fishing-grounds of Alaska, Washington
Territory, and Oregon. f It is proposed later to extend the area of explora-

tion northwards into Behring Sea, and southwards along the coasts of

Oregon and California. Cod and halibut are abundant in Alaskan waters;

and now ' with the completion of several railroads, affording the means of

* transporting fresh produce into the interior of the country, with the
' prospect of establishing a large and lucrative trade in salt cod and other
* species with the markets of South America and Asia

;
and, not least

' important, with the advent of New England fishermen, a renewed and
* stronger interest has sprung up in relation to these same fisheries, which
* seems destined to exert a marked influence upon the future welfare of
' the Pacific States and Territories.' Hence the expedition. A series of

* Annual Report of the Marine Department of New Zealand, 1889-90, * I—H,' 18,

WelHngton, 1890.

t Bulletin U.S. Fish Commission, vol. viii., 1891.
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soundings, dredginga, and trawlings were made at the various fishing-

banks, and collections of the fauna preserved for subsequent examination.

In the Report a description is given of the various banks, with notes upon

the fisheries, &c. , and there are appended tables of soundings, tempera-

tures, (fee, and three charts, showing the areas explored.

During recent years vast progress has been made in the United States

in oyster-cultivation, a fact abundantly shown by a perusal of the Annual
Reports of the Commissioners of Fisheries for the State of New York.*

A few years ago a survey was made of the foreshores and adjacent sea-

bottom, which is the property of the State, and areas were mapped out

suitable for oyster-culture. Long leases of these areas were offered on

simple conditions and for a nominal rent (50 cents to a dollar per acre),

and these allotments have been rapidly taken up. The natural beds were

all surveyed, set apart, and preserved, and lots previously occupied as

oyster-growing areas were also surveyed.

For several years past there have been complaints of decrease in the

oyster supply from Long Island Sound, and of impaired quality. The
oyster-men ascribed this to the pollution of the waters from sewage and
the dumping of refuse from New York city and the cities along the Sound.

Consequently an investigation has been made by the Fish Commissioners'

steamer, ' Fish Hawk,' into these allegations, and also into the question of

the star-fish plague. The results are not complete, but it appears that

the allegation of pollution is not well founded.

Another great work done by the Commissioners is the hatching and
distribution of fry of shad and fresh -water fishes, such as various kinds of

trout, salmon, smelts, &c. Last year the Commissioners hatched at their

five hatcheries and distributed nearly 40 millioiis of fry and eggs. The
total expenses of the Commission for New York State last year was
39,094 dols. In the Report for 1890 there is a paper by Dr Tarleton H.
Bean on 'The Fishes of Great South Bay, Long Island,' and another by
Dr Bashford Dean on 'The Pineal Fontanelle of Placoderm and Cat-

fish.'

A recent number of the Johns Hopkins University Circulars f contains

two papers by Mr F. H. Herrick
—

' On the Habits and Larval Stages of

' the American Lobster ' {Homarus Amey^icanus) and on ' The Reproductive
' Organs and Early Stages of Development of the American Lobster.' In

the former paper Mr Herrick states that further investigations have
shown that the spawning season (or that of extrusion of eggs) is con-

fined to the summer months ; the eggs which are then laid are carried by
the female through the autumn, winter, and spring, and are not hatched
under natural conditions until the following summer. In 1890 the

extrusion of ova began about July 1st, and continued until about August
20th. Of 82 lobsters which were examined at this time, and which
carried newly-laid eggs, 59, or nearly three-fourths of the whole number,
had extruded their eggs during the latter part of July. Eleven had
laid eggs from August 1st to the 10th. It is probable that copulation

precedes oviposition by a considerable period, i» some cases by at least

eight weeks. The number of eggs laid by the lobster varies from about

3000 to upwards of 36,000, depending largely upon the size of the

lobster.

The hatching period at Wood's HoU in 1889 and 1890 extended
over a period of six to eight weeks, from about May 15th to July
15th. The last lobster with eggs of the previous summer was captured

* Eighteenth and Nineteenth Annual Reports of the Commissioners of Fisheriesfor
the State of New York, 1890, 1891.

t Johns Hopkins University Circulars, vol. x. No. 88, May 1891.
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on July 7th. Lobster eggs wore hatched in 1890 at the Fish Com-
mission's Station at Wood's Holl as early as May 14th, but the

bulk of the eggs are hatched under natural conditions in June. Mr
Herrick states that the lobster does not breed annually. This is

abundantly proved by the slow growth of the ovarian eggs, by the

immature condition of the ovaries at the time when the young are

hatched, and by the large percentage of non-egg-bearing females taken in

winter and spring.

The eggs laid in summer develop with comparative rapidity. Develop-

ment is retarded in autumn, and comes nearly to a standstill in winter.

After hatching a brood the lobster may moult. Lobsters 7 to 10 inches

in length increase their length by 1 inch after the moult. It probably

requires from six to eight weeks to produce after the moult a fairly

hard shell which cannot be easily compressed between the thumb and

finger. Mr Herrick states that at the time of hatching the young lobster

moults, and the delicate moulted skin is cast olf with the egg-shell;

and he points to the practical importance of this, since in artilicial

hatching, large numbers die through inability to pass this moult.

After six or seven days the second moult occurs. Young lobsters

swim at the surface for six to eight weeks, when they are of a length

of 13 to 16 millimetres (abo]^t i to |^ of an inch). They then disappear

from the surface. Interesting observations were made as to the varia-

tions in colour of the ovaries, ova, larvee, &c. In his second paper

Mr Herrick gives a full account of the growth of the ovaries and

ovarian eggs, structure of the testis, the phenomena of segmentation, &c.

VIL GERMANY.
Since 1866, when Prussia acquired a considerable stretch of coast on the

North Sea, strenuous elSorts have been made by the German authorities

to develop the sea fisheries. In 1870 the German Fishery Association

was established under the direct patronage of the late Emperor Frederick,

then Crown Prince, and in the same year the well-known Kiel Commission
for the scientific investigation of the German seas was instituted. In
1872 a Fishery Exhibition was held in Berlin, and another and much more
important International Fishery Exhibition in 1880. Five years later the

Department of Coast and Deep-Sea Fisheries was formed, to take

cognisance of everything affecting the sea fisheries, to promote the appli-

cation of science to fisheries, the establishment of marine stations, &c.

The Government gives an annual grant of 100,000 marks for these pur-

poses. In 1886 a Conference, under the auspices of the Department,
was held at Bremerhaven, and Sea-Fishery Societies have been formed at

Bremen, Hamburg, Emden, &c. Last year a Fishery Exhibition was held

at Bremen, and also a Conference on fishery questions. On several

occasions Commissioners have been sent on inquiries connected with the

fisheries of foreign states ; and a number of scientific expeditions have been
made in the Baltic and the North Sea, and valuable reports published.

The practical result of all this activity is very obvious, when the

statistics of even the past few years are compared. In Germany no
regular detailed fishery statistics are yet collected ; but from a recent

pamphlet on the work of the Department by the President,* it appears

that while in 1886 the number of German fishing-boats prosecuting fishing

in the ofF-shore waters of the North Sea was only 377, last year the

* Die Thdtigkeit der SeHion fur ICusten und Eochseefischerei, seit ihrer Orundung
(1885) bis zum Sommer, 1890 ; Erstattet von dem Vorsitzenden, Kloster-kammer-
Prdsidenten Ilerwig, Berlin, 1891.
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number was 445, an increase of 68. The number of steam-vessels was
18 last year, compared with only 1 in 1886. The number of men em-
ployed has increased within the same period from 1341 in 1886 to 1907
in 1890. Few of the boats engage in drift-net fishing (23); most use

some species of trawl, set-nets, and hook and line. Further particulars are

given in the * Deutsche Nordseefischeri-statistik' of Dr M. Lindemann."^

In 1883-84 the number of fishermen engaged in the coast fisheries of the

North Sea was 1459, but of these only 317 were regularly employed. The
number of fishing-boats was 704, 145 being decked. The value of the

boats and gear is not in all cases given, but it probably exceeds £20,000.
Besides these, 303 Schleswig-Holstein fishermen prosecuted deep-sea fish-

ing in 104 boats, 101 of which were decked. The value of these deep-sea

boats and gear was over .£45,000. Official registration returns for 1889
show that in that year there were 402 German boats and 1429 men em-
ployed in the North Sea in fishing beyond the territorial waters. Some
particulars are given as to the fish caught. In 1886, 86 Schleswig-

Holstein deep-sea boats caught fish valued at over £17,000. The soles

amounted to 147,620 kilogrammes, valued at £7250
; 34,827 kilogrammes,

valued at £1044, are described as small; and 112,793 kilogrammes,

worth £6204, as large. The plaice are divided into large, medium,
and small. The large are valued at £300, the medium at £170, and the

small at £4922. 29,806 kilogrammes of turbot were valued at £1788
;

the whole of the haddocks taken were valued at only £1100.
>r M- the Exhibition held at Bremen last summer, prizes varying from
£50 to £7, 10s. were offered for the best models of a fishing steamer, and
of a cutter as carrier ; for the best methods of preserving fish by dry

cold ; for the best method of preparing German sprats or young herrings,

as anchovies, after the Norwegian and Swedish fashion, in tin boxes or

kegs, &c. Besides models of fishing-boats, nets, there were scientific

collections representing the fauna and flora of fishing-grounds, the

development of fish, &c.

The Fishery Conference in connection with the Exhibition was under the

presidency of the President of the Fishery Department (Kloster-kammer-

director Herwig). The chief questions discussed were :—(1) The scarcity

of properly qualified crews for the North Sea fishing-boats; (2) the im-

portance of Heligoland to the sea fisheries of Germany; (3) whether it is

desirable to establish close-times in sea fisheries, similar t6 those in inland

fisheries : if so, which would be the most advantageous in the interests of

German fisheries
; (4) how the trammel fishery (? Wattfischerei) may be

promoted
; (5) the drift-net fishery in the Baltic.

The lack of suitable fishermen for the North Sea Fisheries is ascribed

to a variety of causes—diminution of catches and of earnings in recent

years, the difficulties in the way of a man obtaining a boat of his own,
alteration in the regulations as to the qualifications of pilots, who used

to be selected from amongst fishermen, and the want of proper harbours

for fishing-boats. It was suggested that it would be advantageous to

shorten the compulsory military service of crews who had served forty

, months in a sea-fishing boat. The Conference resolved to make inquiries

of other countries as to how the supply of fishermen is promoted.

Satisfaction was expressed at the possession of Heligoland. It is desired

to transform that island, excellently situated in proximity to the German
Coast and the great fishing banks, into a centre and emporium for German
North Sea Fisheries. It is said that England did little to promote the

fisheries of Heligoland, which were very productive in the sixteenth cen-

* Beilage, zu Nr. 3-10 der Mittheilungen der Sektion fur Kiisten und Hochseefischsrei,

Berlin, 1888.
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tury, as many as 2000 meu deriving their subsistence in 1530 from the

catches of herrings. Tlie lobster fishing is now the main one; it is

prosecuted from tlie 15th September to the 15th July following. The
oyster banks, which used to yield from 30,000 to 40,000 oysters in

a day's fishing, are now practically fished out. The Germans propose

to construct a large fishery harbour at Heligoland, and to run steamers

between it and the coast ports, to bring the fish rapidly to market.

The Conference also resolved that it is desirable, in the interests of the

German Sea Fisheries, to establish a Zoological Station at Heligoland
for the purpose of scientific investigation."^ An important discussion

took place as to the utility of establishing close-times in sea fisheries.

Dr Heincke pointed out that the question as to how far the complaints

made of overfishing in the North Sea were justified could only be
determined by careful and extensive investigations, especially of a

scientific character, and referred to those of the Scotch Board. He
admitted that immature fish were destroyed in large numbers ; but
thought that international regulations for their protection on the high

seas were premature, and that any such regulations would, in the

present condition of the Gernlan deep-sea fisheries, be only a check
on the develo}>ment of the latter. Their first concern should be to

increase their fleets of sailing and steam fishing vessels, in order to

secure their proper share of the produce of their native seas, and
especially to compete with the English. This should be done, even

at the risk of contributing to the over-fishing of the North Sea ; and
then, should protective regulations be necessary, the voice of Germany
would be powerful in the international council. The same sentiment

was endorsed by most of the speakers, and by the President. Herr
Landrath von Vorries communicated the results of an inquiry he had
made amongst the fishermen as to the relative abundance of fish now
and previously. All the fishermen, save those of Cranz, to which a

number of trawlers belong, alleged that during the past five years there

has occurred a falling off in the abundance of fish, and that the average

size of plaice has diminished. As to the price of fish, the line-fishermen,

who chiefly catch cod and haddock, say there has been a considerable

fall, while the trawl and bottom net fishermen, who mainly catch flat-

fish, state that the price has not fallen. The diminution in the number
of fish is ascribed to the use of steam-vessels. The Conference resolved,

that since the great majority of the German North Sea fishermen ap-

prehend injury to the fishing with sailing-boats by the employment
of steam-vessels, the Government should be petitioned to institute an
inquiry thereupon ; and also that * international protective measures of
' any kind appear at present premature, and calculated to arrest the
' development of the German North Sea Fisheries.' It was also re-

solved that a harbour of refuge should be constructed on the Island

of Hela in the Baltic, and a harbour of shelter at Borkum.
The German Fishery Department have made various scientific expedi-

tions in the North Sea for the purpose of investigating the fishing-grounds.

The last of these was that of the 'Sophie,' in the autumn of 1889, which
was under the charge of Dr Heincke. f The object of the expedition was
to inquire into the occurrence of ripe spawning herring in the eastern part

of the North Sea, and the existence of new spawning-grounds for the

herring, and also to carry on a series of scientific observations. Two

* It is just announced that the Government have decided to establish a Meteoro-
logical and Biological Station at Heligoland in connection with the scientific fishery

investigations, and to subsidise a Marine Laboratory at the Ploner See.

+ Mittheilungen der JSektion/ur Kiisten und Hochseefischerei, 1890, p. 5.



406 Part III.—Ninth Annual Report

cruises were made off the coast of Sclileswig-Holstein and Denmark,
northwards to the Skagerrak and westwards to near the most eastern point

of the Dogger Bank. Fully ripe herring were found in the Skagerrak,

north of the Jutland Bank. Dr Heincke believes these to be identical

with the well-known Swedish Bohuslan herrings ; and other observations

make it probable that a large number of the latter are composed of fish

which spawn in September on the south coast of the Skagerrak. Traces

of ripe autumn herring were also obtained a little to the north of Heligo-

land. The Germans, who take the greater proportion of the Scotch-cured

herrings exported, are fully alive to the im})ortance of discovering

spawning-grounds for the herring off their own coasts. Dr Lindemann
states that at present Germany imports foreign salted herrings to the value

of over £1,500,000 yearly, while the annual value of the native catch is

only about £15,000. During the cruises of the 'Sophie' physical

observations were made, and collections obtained of the bottom and
pelagic fauna and flora. Considerable immbers of small immature fish

were got far from land, a circumstance bearing upon the location of

spawning-grounds and nurseries. The results obtained by Dr Reinke as

to the absence of algse on the bottom in large areas of the North Sea
were fully confirmed. The Jutland Bank and the Little Fisher Bank
were completely ))arren. The conclusion is, that the rich fauna ulti-

mately depends for subsistence mainly upon pelagic microscopic plants.

The Fishery Department also possesses a marine laboratory, where
scientific investigations have been for some time carried on by Dr Ernst

Ehrenbaum, who recently published an elaborate monograph on the

common shrimp, illustrated by four plates."^ The structure and develop-

ment of Crangon are described in great detail ; and much information is

given as to the reproduction and habits. An account is also furnished of

the fishery in the North Sea. Dr Ehrenbaum's researches appear to show
that there are two principal spawning periods, the first being from the

middle of April to the beginning of June, and the second in October and
November. The eggs of the former period hatch in probably about four

weeks, the time depending principally on the temperature of the water,

the hatching beginning about the end of May, and continuing well into

August. The eggs extruded during the second period are carried through-

out the winter, and begin to hatch in February, most of them being

hatched in April. Hence the smallest percentage of ' berried,' or egg-

carrying, females is in August or September. As a rule, the same female

does not spawn twice in one year, but this sometimes occurs. DrEhrenbaum
notes the great numerical preponderance of females over males cap-

tured. The food of the shrin)p differs very much in the young and
in the adult, since the larvae lead a pelagic life in strong sea-water

;

the adults in the warmer months come into brackish water. The
fully-developed shrimp lives partly on algse, but mostly on animal matter,

such as annelids, small crustaceans, &c. A point of interest is that

Dr Ehrenbaum frequently found the remains of larval fishes in their

stomachs, especially herrings and smelts ; in one case nearly an inch long.

In regard to the utility of instituting a close-time for shrimps (a measure
recently advocated in Oldenburg), Dr Ehrenbaum thinks, from his know-
ledge of their habits, that it would be practically useless. The shrimp-

fishing with bow-nets {reusen)^ fixed nets, push-nets (schiebe), and trawls

(schle/jpTietzen) calls for no interference ; but the fishing with baskets or

traps does. While the sieve used to separate the marketable from the

unmarketable shrimps has meshes 7*5 millimetres wide, the traps (korhe)

in which the shrimps are caught have meshes only 2 millimetres wide
* Zur J^aturgeschichte von Crangon Vulgaris, Fabr., Berlin, 1890.
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(al)out yWt^ inch), the surplus of immature shrimps being used for

manure. It is in the localities where this wasteful method is most
practised that complaints of impoverished fishing-grounds are loudest.

Dr Ehrenbaum recomm(3nds a compulsory mesh of not less than 5 milli-

metres wide, and the prohibition of the using shrimps as manure.

The Kiel Commission has published a Keport by Dr Hensen on the

results of a scientific expedition made in 1887 on board the ' Holsatia ' in

the eastern part of the Baltic."^ The cruise occupied about ten days, and
the results, especially in regard to the ' Plankton ' or pelagic life, are

given with all the fall detail of Dr Hensen's previous publications on

the subject. Dr Reinke furnishes lists of the algae obtained, and Professor

Brandt lists of the animals collected in the dredge and trawl. The second

portion of Dr Reinke's monograph on German marine algae apt)eared

recently.! Four genera are described, and the descriptions are elucidated

by ten excellent plates.

Professor Haekel last year published a work on the study of the

pelagic fauna,! in which he proposes an elaborate nomenclature for tow-

net collections, and questions the utility of the recent Plankton work of

the Kiel Commission. Professor Brandt has replied to Haeckel, § and
more recently Professor Hensen has published a work dealing with the

Plankton studies.
||

Under the auspices of the Fishery Department, Herr Berthold Stahl

made a visit of inspection to the fishery harbours and fish markets in

Belgium and England. His report on the subject was published last

year.H The places visited were Brussels, Ostend, Blankenburg, London,
Yarmouth, Lowestoft, Hull, and Grimsby. Full and detailed descrip-

tions are given of the various fish-markets and of the arrangements for

landing and disposing of the fish, the descriptions being illustrated by
nine plates.

During 1889 the imports of foreign herrings at the port of Stettin was
greater than in any previous year.*"^ The number of barrels was 565,596, or

1 18,782 over the total for 1888, and 36,563 above the great import of 1885.

The imports of Scotch herrings increased by 46,640 barrels, Norwegian by
34,029, and Swedish by 39,347. The chief point brought out is tho

great increase of the imports of Swedish herrings in recent years. The
totals are as follows:—In 1885, 675 barrels; in 1886, 576 barrels; in

1887, 1295 barrels; in 1888, 9627 barrels; in 1889, 48,974 barrels.

VIII. SWEDEN.

The sea fisheries of Sweden may be divided into two groups :—(1) those

of Bohuslan, or that part of Sweden which lies between Gothenburg and
Norway, where the coast population consists mostly of fishermen

; (2)

* * Die Expedition der Sektioii fiir Kiisten und Hochseefisclierei in der ostliehen

Ostsee, Untersuchung des Planktons sowie der Tliiere und Pflanzen des Meeres-
bodens,' Seclister Bcricht, Heft ii., Berlin, 1890.

t ' Im Auftrage des Koniglich Preussischen Ministeriums fiir Landwirtlischaft,

Domanen und Forsten, herausgegeben im Iiiteresse der FisclKn-ei von der Kommis-
sion zur wissenschaftlichen Untersuchung der deutschen Meere,' Atlas dmtscher
Meeresalgen^ Berlin, 1891.

% Plankton-Studien, Jena, 1890.

§ 'Haeckel's Ansichten iiber die Plankton-Expedition.' Schriften d. Naturwiss.
Vereins fiir Schleswig-Holstein, Bd. viii. Heft 2, 1891.

II

' Die Plankton-Expedition und Haekel's Darwinismus,' Kiel und Leipzig, 1891.

IT Fischercihdfen und Fischallen in Belgien und England, Berlin, 1890.
** ' Stettins Handel, Industrie und Seliiirahrt im Jalire, \^^^,' Jahreshericht der

Vorsteher der Kauffmannschaft, Stettin, 1890, p. 14.



408 Part III.—Ninth Annual Report

those elsewhere, along the Baltic shore. These are more scattered ; the

lishermen are often also engaged in agriculture and other occupations.

The results of the importaat Bohuslan fisheries in 1889-90 are des-

cribed by Dr A. H. Mahn, the inspector, in his official Report.* The
total value of th^ yield was 2,753,180 kroner (£152,916). The deep-sea

fishery (StorsjoJisketYgdiYQ 595,415
;
mackerel, 349,109 ;

herring, 1,393,836 ;

' Hounders,' 4125
^
salmon, 23,561 ;

lobsters, 122,387 ;
oysters, 14,203.

Swedish boats fish as far as Shetland. Last year the deep-sea fisliing was

not successful, a circumstance of special significance, because it is an old

Swedish custom that in the case of boats not free from debt, the cost of

the boat should be paid by the cod taken. The deep-sea and Kattegat

fishery employed 1589 men and 188 boats, and brought to the fishermen

656,531 kroners. In mackerel fishing 2498 men were employed, the catch

being 2,090,375 fish. A considerable amount of the mackerel are exported

to America via Norway. The herring fishery is carried on by drift-nets,

set-nets, and seines or trawls. The autumn drift-net fishing in 1889

began on 6th August, and lasted to 16th October, and employed 121

boats, 595 men, and 2529 nets, the value of herrings caught being

138,716 kroners. The herrings were sent fresh to Denmark
;
sprinkled

with salt to Germany. The winter herring fishery is carried on partly by
set-nets and partly by seines. The fishermen possess 243 seines, valued

at 648,715 kroners, but only 145 of these were employed in 1889-90, by
1662 men, and the value of the herrings thus caught was 546,023 kroners.

Set-net fishing was prosecuted by 3432 men in 1074 boats (of the value

of 292,968 kroners), the number of nets used being 11,140, valued at

326,737 kroners. The value of the catch was 709,098 kroners. The
number of barrels cured was 205,978, of which 74,177 were cured on the

Scotch plan. It is pointed out that the Scottish systems of fishing and of

cure are being more and more extensively followed in Sweden. It is

acknowledged that the Scotch cure suits the German and Russian markets,

and the fishermen are abandoning seining for drifting on the Scotch

method. The manufacture of herring barrels on the Scotch and
Norwegian pattern has recently received great impetus, and more care is

being exercised in the selection and cure of the fish. Scotch curers go to

Bohuslan in winter, and in this way it is said the Swedish curers and
workmen have got great insight into the Scotch system. Instructions

therein have also been drawn up and circulated, and Dr Malm, who
recently visited Scotland on a mission of inquiry, is preparing a full

report on the Scottish system of selection, cure, packing, &c. The same
gentleman has published a pamphlet on drift nets and drift-net fishing.*

The study and adoption of our methods in Sweden, Norway, Canada,

Newfoundland, &c., furnishes proof of their excellence. But there is

little doubt the result, so far as Sweden is concerned, will be severe com-
petition in German and Russian markets, and for the following reason.

The Bohuslan herring fishing is one of the oldest in history, and has been

characterised by alternating periods of great productiveness and barren-

ness,* which are known to have occurred since the thirteenth century.

The last period of barrenness ended a few years ago, and each successive

season since shows rapid development of the fishing, e.g., in 1884-85 the

numbers engaged were 19 boats and 143 set nets; in 1885-86, 422 boats

* Berrdttelse dfver Goteborgs och Bohus Idns hafsfisken under, 1889-90, Gotehorg,

1891.
* Om sillsdttgarnen i Bohuslan.
* Vide Dr. Rudolf Lundberg's excellent memoir, * Dot stora sillfisket i Skane

under medeltideu och nyaro tidens borjan,' Antiqvarisk Zidskriftfor Sverige Del 11

No. 2, 1891.
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and 3247 nets; in 1888-89, 1163 boats and 10,555 nets. In the same

fashion the exports of Swedish cured lierring to Germany have gone up

by bounds. The number of barrels imported at Stettin was 675 in 1885,

1295 in 1887, 9627 in 1888, 48,974 in 1889, and 49,085 in 1890.*

During last summer a Swedish gunboat, the ' Astrid,' was employed in

making investigations on the fishing grounds in the Baltic, especially

with reference to the use of the trawl-net.

IX. NORWAY.

The hatching of cod and other sea-fish continues most successfully at

Flodevig establishment, under the direction of Captain G. M. Dannevig.

In a preliminary report on the season's operations Captain Dannevig
states that during the present spring (1891) 620 litres of cod spawn have

been dealt with, representing 279,000,000 eggs ; and at a part of the

Norwegian coast, between Sornskil and Hanbo (a distance of about four

Norwegian miles), 166,500,000 cod fry have been planted, in addition to

26,000,000 in other places. About 750,000 have been retained in one of

the ponds at the hatchery for further observation. From 1884, when
the hatchery was established, to 1890, there were hatched in all

140,000,000 ova, so that the great increase in output justifies the recent

enlargement of the hatchery
;
although, owing to too small pumps, only

24 of the 42 hatching apparatus can be used at once. If the hatchery

were working at its full capacity, 400,000,000 cod eggs could be hatched

in a season with very little additional expense. Five hundred spawners

were used, 484 of which are still alive and will be kept till next season.

The approximate mean temperature of the water has been 4°C., and the

mean specific gravity 1024. The death-rate of the eggs during the

process of hatching has been 30 per cent., compared with 50 per cent,

in previous years.

According to the official statistics f the gross value of the fish landed

in 1889 on the coasts of Norway was 26,227,315 kroner, or .£1,457,073.

The coast fisheries—as distinguished from the fisheries for seals, whales,

&c.—were of the value of £1,295,069. The most important of them is

the cod fishery, which last year yielded 58,877,100 fish, valued at

£855,664. In addition, cod livers brought £101,063, and cod roes,

which are specially prepared and exported, £38,789 ; so that the fisher-

men received for the produce of this fishery the sum of £995,516. The
cod fishing last year was the most valuable since 1884; the increase over

the previous year is 2,243,000 cod and £138,338. Most of the cod are

caught at the Loffoden Isles, but for a number of years past there has

been a falling off in the yield there. Last year the number was 22,557,000

fish, while 22,299,000 were caught off the coast of Finmark. The
number of men engaged in the cod fishing was 83,092, and the number
of boats 20,158 ; most of the boats use long lines and hand lines, but a

large number make use of the gill-net. The next most important of the

Norwegian fisheries is that for herring
;
large quantities are cured and

exported to Germany and other countries, where they compete with

Scotch fish. The yield in 1889 was greater than in 1888 by about 7000
hectolitres (or about 185,000 gallons), the increase being both in the

well-known ' fat herring,' and in the spring herring : but the value was
less owing to the low prices current. The value of the herrings caught

last year was £202,166, against £248,944 in 1888. The fishery for

* Jahresbericht der Vorsteher der J^aufmannschaft, Stettin, 1890-91.

t Tabeller vedkommende Norges Fiskerier i aaret 1889, samt Beretninger angaaende
deres Drift. M. V, Kristiania, 1890.
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sprats and ' small herrings '—large numbers of which are prepared and
exported as 'Norwegian anchovies'—yielded 70,443 hectolitres, worth

£11,000, the lowest quantity for several years, but the highest average

price. An important fishery is that for mackerel. The number caught

in 1889 was the greatest for a number of years, viz., 8,038,000 fish,

valued at nearly £40,000. The average price was, however, much under
that of previous years. The salmon-trout and sea-trout gave a higher

yield than for many years— 603,922 kilogrammes, valued at £36,182, or

an average price of Is. 2d. per kilogramme ; there was an increase of

nearly 10,000 kilogrammes, and of above £1000, as compared with 1888.

The lobster fishery was the lowest for many years, and little more than

two-thirds of what it was in 1886. The number of lobsters caught was
794,547—a decrease of 60,556 from the previous year. The value was
also less, but owing to the higher prices current, the fall was not so'^great

as in the quantity. The value of the lobsters landed was £22,343, or

£666 less than in 1888. The whole of the oysters landed in Norway in

1889 were valued at the nominal sum of £231. The other coast fisheries

(for lythe, ling, torsk, &c.) were of the value of £146,184. The value

of the fisheries, other than coast fisheries, was £162,004. The most
valuable of these are the seal fishery carried on at Jan Meyen, Iceland,

and Greenland, and the whale fishery at Finmark. Sharks, which are

fished chiefly for the sake of their livers, and polar bears and reindeers

swell the total
;

although it is perhaps anomalous for the two latter

animals to be included under fisheries. Very full tables are published

of the fish exported, the value of which last year was £2,532,000. The
split and salted cod exported were of the value of £1,743,788, and the

cured herring, £648,955. The value of cod oil exported was £318,166;
of fresh salmon, £55,777 ; and of lobstf.Ts, nearly £30,000.

The preparation and export of cod roe, as is seen from the figures

referring to it above, form an important branch of the fishery industry

in Norway. The Norwegian fishery journal * gives an account of the

origin of the industry. While cod roes were used by the coast popula-

tion as an article of food, and for bait by line fishermen, many centuries

ago, they were not prepared for export until the seventeenth century.

The price has varied much ; in 1763 it was one rigsdaler per tonde; later

it reached 40 to 50 krdners ; last year only 13 to 14 kroners. It is

proposed to prepare cod roes as meal for domestic use.

X.—DENMARK.

Captain C. F. Drechsel, the chief of the Danish Fishery department,

has published a very interesting treatise on a Survey of the Danish Sea

Fisheries in the Nortlt Sea and within the Skaw.-f Captain Drechsel

deals in detail with the whole range of his subject, describing the char-

acter of each fishery, the methods of capture, and the boats and implements

employed. He has enriched his work with a series of maps coloured so

as to show clearly the local fishing-grounds, and the distribution of t-ach

fish, and with a large number of illustrations giving exact details of

the construction of the boats, and exhibiting the Avay in which the

different kinds of fishing-tackle are used. Dr C. G. Petersen, who has

charge of the scientific work, gives a description of the natural conditions

of the waters within the Skaw, and a list of all the fishes known to occur

* Norsk FisTceritidende, 3 Hefte, 1890.

t ' Oversigt over vore saltvaiidsfiskerier Nords^en og farvandene indenfor Skagen.

Med Kort og Planer aamt et tillaeg af Dr Phil. C. G. Joh. Petersen.' Copenhagen,

1890.
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in Danish waters, with a short description of each species and an inter-

national synonoiuy. It is impossible here to convey the wealth of infor-

mation contained in Captain Drechsel's monograph. It is only since the

middle of the present century that the Danish fisheries have attempted to

do more than supply merely local wants. They have lately rapidly grown
in importance.

The very comprehensive Danish Fishery Law of 1888 has been referred

to in previous Reports. Under this A.Q,i the fishermen have power to

request that bye-laws should be passed for the regulation of fisheries in

))ays and iushore waters ; and in the last official report of the department

a number of such bye-laws are described.'* These bye-laws deal most

minutely with the conduct of fishing operations, the use or prohibition of

certain apparatus, the positions for setting nets, and the distance from one

another, the mesh of nets, close-times, and minimum sizes for various fish,

&c. In a fourth part of the district waters seine-fishing is prohibited, and
it is entirely prohibited in nearly all inshore waters in March, April, and
May, with the result that line fishing has become much more developed,

the bait being living Gobies {Gohms nige7'), called 'kutling.' It is legal

to fish with a siene for these, but the dimensions of the net are strictly

defined. The close-times vary for different fish and in different districts

;

they apply to all flat-fish, cod, eels, shrimps, &c. The sale of immature
fish is prohibited, the restrictions varying according to local circumstances,

e.g., eels under 13J and 14 inches; cod under 9 and 10 inches; ' flat-

* fish ' under 7 inches, flounders sometimes under 6 inches ; and brill and
turbot under 10 inches A defect in the law appears to be that the sale

alone of immature fish is prohibited; they are allowed to be brought

ashore and used, a provision which tends to nullify the principle of such

regulation.

In the official statistics a mass of most important information concern-

ing Danish fisheries is to be found ; but space allows of only a very brief

summary. In 1889 the gross value of the Danish sea fisheries was
3,600,894 kroners (£200,000), as follows (in kroners) :—cod, 370,916;
'flounders' (chiefly plaice), 1,115,919; common soles, 244,467 ;

turbot,

19,420; brill (Slethvar), 11,263; mackerel, 1,989 ;
herrings, 720,245

(caught in sienes= 197,575; in drift-nets, 522,670) ;
eels, 747,227 (caught

in traps, by hook, or speared, 480,676
;
caught in nets, 266,351). f Gar-

fish (Belone)y 36,545; salmon and grilse (Orred), 163,446 ;
shrimps,

78,685 ; various (unenumerated), 90,772. Compared with Scottish

fisheries, the large proportion of flat-fish is remarkable, and very specially

the great value of eels. There is little doubt the eel-fishery is capable of

greater development in Scotland. The Danish sea coast is divided into ten

districts, and the values for groups of these are : east coast of Jutland
(districts i.-iii.), 1,369,074 kroners; North-East Zealand (districts iv.-v.)

804,379; southern islands (districts vi.-ix.), 1,135,359; Bornholm (x.)

292,082. The number of those fishing in 1889 was 7317, of whom 5107
were fishermen proper, and 2210 those occasionally employed. Details

are given of the number of men employed in the different fisheries—as

for cod, plaice, &c. Mackerel fishing is gradually falling off ; mackerel are

now only caught in herring drift-nets. The deep-sea fishery in the

Cattegat and North Sea is increasing. In 1889, 186 cutters or smacks,

131 open boats, and 1403 men were engaged in it, and the total value of

the catch was 1,106,406 kroners. A Danish steam-trawling company
has been formed, and has commenced operations in the North Sea (vide

* Fiskeri-Beretning for Finianitsaaret, 1889-90, af. C.,F. Drechsel. Kj0beuhavn,
1891. Pp. 1-32.

+ It is said the eel pot fishing is considerably greater than shown.
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p. 404). In [)oint of fact, the flat-fish in the Cattegat have been over-

fished, and the fishermen are being forced to seek new ground further

out. This is the conimon complaint all along the coasts of the North Sea

—depopulation of the inshore waters. The Danish Fishery Department
(as in Germany, Belgium, Holland, Sweden, &c.) take great pains to

obtain consular and other reports regarding the fisheries and fish markets

in other countries. In the present publication the abstracts of these

reports occupy eighty-nine pages.

Nearly two years ago a system of insurance for fishing-boats was begun
with Government assistance. Up to the end of September 1890, 339

boats, valued at 497,645 kroners, "were insured.

In Denmark the seal causes much depredation, and a reward of three

kroners is given for each seal's tail sent to the Zoological Museam at

Coperdiagen. From 15th October 1889 to 31st December 1890, 1266

tails were sent and paid for. The seals are killed by shooting them or

by catching them in large tow-nets.

Dr Petersen continues his scientific investigations into the fishing-

grounds, the migration of flat-fish, &c. The marked plaice, as a rule, did

not wander far
;
thirty per cent, of the large mature plaice were recovered

in the couise of a year, which shows that about a third of the fish on the

fishing-ground are caught annually. There is a floating biological station,

removed from place to place for the investigation of the fishing-grounds,

and a gunboat ('Hauchs'), and the results will be published in next

yeai-'s Keport.

Among other things, the superintendent (Dr Peterson) is instructed by
the Minister* (1) that the object is to procure scientific knowledge to

promote the fisheries, and to serve to elucidate questions concerning

fishery legislation
; (2) to make himself acquainted with scientific fishery

work abroad as well as in Denmark
; (3) to specially direct attention to

(a) the intlaence of modes of fishing, particularly the trawl (snurrevad)

on the fish supply, the sea-bottom, and the food of fishes; (h) the spawning
and spawning-ground of the food fishes, their reproduction and habits,

eggs, larvse, and their connection with the most suitable close-times
;

(c)

the determination of immature fish, the most suitable sizes as a legal

standard in different species, with special regard to the condition of ripe-

ness; (d) the migration of fishes, their food and habits; (e) investigations

on the 'closed waters' and their life; (/) to undertake, on the largest

possible scale, hatching experiments with the different sea fishes
; (g) the

connection between physical conditions and the fauna.

Hydrographic and physical observations are being taken by four

Government steamers simultaneously employed in Danish waters, and a

sum of 3000 kroners has been set aside for the purpose.

It is evident that the fisheries in Denmark are well organised and cared

for.

XL HOLLAND.

As in other countries, so in Holland, close attention is being given to

the question of the destruction of immature fish. Dr P. P. C. Hoek,
who has charge of the scientific fishery investigations of the Netherlands

Government, and who represented the Netherlands at the International

Fisheries Conference last year in London, is now engaged in a study of

this question, so far as regards the action of the beam-trawl in the terri-

torial waters and on the high seas. This inquiry, when completed,

* Ojp. cit., p. 185.
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cannot fail to have an important bearing on the matter, since the coasts

of Holland, and especially the Zuiderzee, are in many respects peculiar.

Dr Hoek is also studying the problems of the Rhine salmon, which bear

specially upon international regulations for the salmon fishing in that

river. In 1880, Professor Miescher-Ruesch, of Basle, published a very

valuable report, based upon several years' observations of the fish at

Basle, and treating fully, for the first time, of the development of the

reproductive organs. Dr Hoek is no^ supplementing this by an investi-

gation of the reproductive organs of the salmon, as the fish enter the

mouth of the Rhine.

Last July a new and finely-equipped zoological station, under the

direction of Dr P. P. C. Hoek, was opened at Helder. Professor Hubrecht,

in an inaugural address, * recounted the history of the Zoological Society,

which was founded in 1872, of the former zoological station and the

work accomplished at it, and outlined the work proposed to be under-

taken at the new station. The Government gave a grant of land for the

new station.

At the Fifth Annual Fishery Conference Commission, to be held

in May of this year (1891), some interesting questions will be considered.

There are various proposals for increased fishery harbour accommodation,

for the erection of beacons, &c. Others are as follows :—To consider the

desirability of obtaining liberty to fish for oysters on unleased ground

;

to consider the desirability of opening the dry mussel-beds later in the

season than at present, in order to obtain stronger seed, and the deep-

water beds earlier, to prevent harm to seed from star-fishes ; to have the

fisheries, especially the mussel fisheries in the Zuiderzee, placed upon an
equal footing with that of Zealand, which is at present patronised by the

State.

In connection with the capture and destruction of immature fish, it is

also proposed that a law should be passed prohibiting fishing with nets

having meshes so small that immature fish cannot escape, and at the same
time rendering it compulsory that all small fish caught should be imme-
diately returned to the sea.

In the official report on the Netherlands sea fisheries for 1889"^ it is

stated that the herring fishery has been in all respects satisfactory. The
catch was the most abundant on record. The average catch per vessel

rose, for luggers to 92J lasts (185 tons or 1295 barrels), or 13 lasts more
than the greatest annual average of the past twenty-five years. All

luggers and fishing-boats together brought in upwards of 444,000 barrels

of salted herrings, besides more than 15,000,000 fish destined to be cured

as red herrings. Altogether this would amount to 376,000,000 caught
in the North Sea.

Naturally, such an abundant harvest told upon the price. The average

prices of all kinds were as follows:

—

Francs. Francs.

1880, . . 13-50 1885, . 11-85

1881, . . 19-19 1886, . 11
1882, . 17-70 1887, . . 10-30

1883, . . 20-25 1888, . 13-05

1884, . . 12-70 1889, . 11

The average price for 1889 reached almost the minimum recorded figure;

but yet though the cost of freighting was greater, the price was high enough
to secure good returns and fair profits. It once was universally main-
tained that the Dutch herring industry, owing to the great cost of fitting

* Verslag van den Stoat der Nederlandsche Zeevisscherijen over 1889.
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up ships, could not possibly pay without high prices, and yet at present

the prices have touched a figure lower than seemed possible. Despite

heavy freightings, the price still brings a profit. It is true that barrels

and salt were both very cheap in 1889, and this circumstance certainly

contributed to make an average price of 11 francs pay. The fishermen

had no reason to complain, still less the traders, for the demand for Dutch
herring continued lively the whole year in spite of the severe competition

;

more arrived, not only from Scotland and Norway, but also from France

and Sweden, in consequence of which they had to depend more on foreign

markets. ' It is indeed a remarkable fact,' the Report states, ' that, while
' the export of Scotch herring since 1884 decreased from 1,185,000 to

* 774,000 barrels (35 per cent.), ours in the same year increased from
* 191,000 to 310,000 barrels (more than 60 per cent.). And, indeed, not
' only do we still hold the foremost place in the markets of Middle and
' South Germany, taken long ago by our herring, but we are also in active
' commercial relations with North Germany—relations formerly of little

* consequence, but now greatly extending. As evidence of this we may
' state tbat the export to Hamburg in 1889 reached the hitherto unex-
* ampled figure of 78,744 barrels. All these facts show that our herring
' fishery and herring trade are in a prosperous condition, and are strongly
* developing in spite of the low prices.'

The Large and Traiol Net Fishery.—The prosperity of the herring fishery

was the cause of the decline of the large and trawl net fishery. For a

number of years our luggers and sloops prosecuted in summer the fishing

for herring which during winter and spring was unproductive ; for neither

the trawl net nor the large net brought up as much as paid expenses. It
*^

brought little profit, and now the cessation of it is of little importance.

For a long time the famous fishing fleet from Middelharnis, Pernis, and
Zwartewaal, which took no part in the herring fishing, but during the

whole year fished with the large net, was an exception to this rule, and it

was able, on account of the high price for salt fish and fresh fish, to make
considerable profit ; but in the last years the profits have decreased and
now almost wholly disappeared, because the fishing is gradually falling

off. The real coast fishery is in a still worse condition. Fishing with the

large net for haddocks, at first so productive, especially at Schereningen

and Egmond, has wholly fallen otF, while the gains of the drag-net fishery,

in spite of the astonishingly high prices for fresh fish, gradually have

become less. The best kinds of fish, especially sole and turbot, have
diminished on our coasts as well as on those of England and Scotland.

If in 1889 small plaice had not been found on our coasts in unusually

great quantities, the pecuniary results of the drag-net fishery would have

been very small.

Zuiderzee Fishery.—The abundance of small plaice is probably evidence

of close connection between the North Sea and the Zuiderzee fisheries. In
Dr Hoek's most important account of the condition of tfie staple fish in

the Zuiderzee (which is given as an appendix to the report), he mentions

that among the very small fish which he found in the Zuiderzee the plaice

were most numerous, a circumstance from which he concludes that the

Zuiderzee must be the nursery of the plaice which appear on the coasts.

If this is actually the case, then the numerous catch in 1889 is readily

explained by the fact that the nursery of these plaice, through the re-

strictions or limitations imposed on the Zuiderzee, has been much better

protected in the last two years than formerly.

Concerning the Zuiderzee fishery itself, in 1889 it was still far from
flourishing. The anchovy fishery, which is usually the most profitable,

failed entirely, and the catch of herrings from October 1888 to May 1889
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was under the average. Later in the year, however, there came a great

change for the better. The new season, begun in October 1889, soon

showed better prospects. For many years the autumn herrings were not

so numerous as in the last months of 1889, and the result was of more
importance, because just in these months the best prices were offered for

herrings. As now the favourable condition of the herring fishery in early

spring holds its position, anchovies at this moment are found in singular

abundance, and the prospects of the boat fishery are favourable ; so there

is reason to suppose that the Zuiderzee fishers in 1890 shall be largely

indemnified for the bad results of the fishery in previous years.

Regarding the abundance of herrings last season, it is stated that there

is no doubt that the better enforcement of the prohibition to fish with the
' Wonderkuil ' in the last two years was the main cause of the increase.

Regarding the anchovy fishery, its very changeable results seem to be

determined entirely by other causes. Several years ago Professor C. K.
Hoffmann came to the conclusion, from long observation, that the abund-

ance or scarcity of anchovies in a certain year depended primarily on the

nature of the weather and the temperature of the water in the preceding

year in the spawning months.

The justness of this conclusion has been confirmed in later years, for it

invariably appears that cold and dry weather in April and May is followed

by a scanty anchovy fishing in the following year. Dr Hoffman thus

with perfect accuracy predicted the bad fishing in the two last years, as

well as the abundance of anchovies in 1890.

Oyder Culture.—The year 1889 was in many respects exceedingly

favourable, because the state of the weather hastened both the spatting

and the growth. The prices were not so profitable as the excellence of

the oysters warranted, and this, not because the demand was less brisk

than formerly, but because many cultivators hastened them to the market
too soon.

A very full account is given in the Report of the oyster, mussel, and
crab fisheries in the Schelde and Zeerusche, from which a few extracts may
bo given. On the Wester Schelde there is no oyster fishery owing to the

protection being insufficient to allow an annual crop to come to maturity.

The public oyster fishery in the Easter Schelde was rather unproductive

in 1889 ; but on the leased ground the fishing was favourable owing to

the good spatting from the early high temperature (23° C. on 20th June).

Star-fishes destroyed many young oysters, and numbers of people were

employed in killing them by pricking them with darning-needles. Many
oysters were found fixed as early as July, and were then ready for ex-

portation ; but on account of the low^ prices a large number were replaced

on the beds, and others placed on fresh ground, where they thrived so

well that it was not difficult to find oysters weighing 100 kilogrammes and
more per thousand. The price for large saleable oysters began at 48
francs and fell to 40 francs. Oysters measuring from 4 to 8 centimetres

were sold in November for 6 francs per thousand. So large was the

supply and so excellent the quality that 29,500,000 oysters were exported

from Staatspoor alone during the last half of the season. It is pointed

out that the nature of the weather is the chief factor in the success of

oyster culture. In 1889 as many as 3,000,000 French oysters were laid

down on the banks in South Holland.

The mussel fisheries were fairly prosperous. A very great fall of spat

occurred in 1888, and the crops of half-grown mussels gave fair returns to

the fishermen. Mussels sold in Belgium at from 2 to 2| francs per

barrel; in Antwerp at 4J francs. In 1889 the fall of mussel seed was
not good, and a great amount was killed by the heat in shallow places.
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There was, however, no scarcity of seed for the lots. On the Wester

Schelde ten to twelve thousand barrels were gathered, and over 25,000

from the public banks in the Easter Schelde and Grevelingen ; other

places furnished over 12,000 barrels. The price of mussel seed was low,

from 20 to 35 cents per barrel. It is noted that much trouble was caused

by the star-fishes, which appear to increase greatly subsequently to a good

'spat.' In Grevelingen they were so abundant that sixteen fishermen

got more than 200 baskets per day, which sold (for manure) at 5 cents

per basket. In the Zandkreek 16 francs per week were gained.

XII. BELGIUM.

As mentioned in a previous Report,"^ much attention has been given in

Belgium to the question of the capture and destruction of immature fish.

In a recent memoir on the subject, M. Auguste Borgers, member of the

Commission of Inquiry into the Fisheries, discusses the subject very fully,

with special reference to the territorial waters of Belgium, f The subject

is considered in a number of chapters on the diminution in the supply of

fish, the destruction of fish by trawling and shrimping, the remedies, and

the regulations which should be adopted. The work contains a full review

and discussion of the subject, and especially of the investigations of the

Fishery Board for Scotland and the fishery departments in Holland and

France. The memoir is a result of the International Fisheries Conference

in London, and is due to the representations of M. S^ve, the Belgian

delegate at the conference, to the Commercial and Maritime Association ^
of Ostend, of which M. Borgers is treasurer. The author points out that

the immature fish question is at present the most important one in all

countries in which sea fisheries are carried on. In Belgium the depopula-

tion of the territorial waters has for a considerable time attracted the

attention of the authorities, but hitherto no restrictive regulations have

been enforced. Two great Commissions of Inquiry into the condition of

the Belgian fisheries have been held in recent times—one in 1865 and the

other in 1888. It is interesting to note that the conclusions of the earlier

Commission, like those of the contemporary Commission in England, were

against any regulations in regard to place, time, or mode of fishing for

sea-fish. The eminent biologist, Van Beneden, who was a leading member

of the Belgian Commission of 1865, was as much opposed as was Professor

Huxley to restrictions of this nature, and on the same general grounds

relfiting to the inexhaustible wealth of the ocean. Van Beneden held

that the discovery of Sars that the eggs of the cod were pelagic, and

that the embryo developed while in suspension in the sea militated against

the alleged injuriousness of the destruction of fry along the coast. To

quote M. Borgers :
—

* M. Van Beneden was convinced that the action of

* man exercised no influence on the diminution of fish. The fecundity of

* fish ia so great, the quantity of immature fish destroyed is so small in

' comparison with the immensity of the sea, that,' said M. Van Beneden,
' it did not matter where or when the fishery was carried on, or with what
* engines, man was unable to disturb the equilibrium which the Creator

' had established between destruction and reproduction—between life and
' death.' In Belgium, as in other countries, there has been progress from

the general theoretical views of 1865, and it a|)pears that the fishermen

and those interested in the fisheries call for regulations. The destruction

* Eighth Annual Report of the Fishery Board for Scotland, Part III. p. 374, 1890.

t La diminution du poisson Ic long des cotes maritimes. Association Comrmrciale

maritime industrielle et agricole, Ostend, 1890.
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of immature fish along the coasts arrested the attention of the Commission
of 1888, which called the serious consideration of the Government to the

question. M. Borgers discusses the capture and destruction of immature
fish by sailing and steam trawlers and by shrimp fishing, the former of

which was first employed in Belgian waters in 1815. He expresses strong

opinions as to the injuriousness of the usual method of shrimping, and
recommends the introduction of the method used in France {vide, p. 209).

It appears that in 1882, 1,172,000 kilogrammes of shrimps were despatched

by rail alone from eight Belgian ports, besides those consumed locally and
carried by vessels ; and it is calculated that this represented the destruc-

tion of 3,515,000 kilogrammes of immature fish. The small fish are

largely used to feed pigs and for manure. The regulations that might

be adopted are discussed under three heads—(1) The prohibition of fishing

in defined areas
; (2) the prohibition of fishing during the spawning

period
; (3) the prohibition of the capture or the sale -of fish under a

certain size. Under the first head are described certain old regulations of

the Netherlands Government regarding the prohibition of the use of the

trawl on the high seas during certain months of the year. M. Borgers

discusses at length my paper on the distribution of immature sea-fish and
their capture by various modes of fishing,"^ and also the results of the

labours of Professor Marion at Marseilles and Dr Hoek in Holland.

When dealing with the important question of the location of spawning-

grounds, in relation to the possibility of regulations, sufficient account has

perhaps not been taken of the fact that they lie almost always outside the

territorial waters,! and therefore beyond the exclusive jurisdiction of the

country whose shores are ex adverse.

The measures recommended by M. Borgers are as follows :

—

1. The enactment of a law making it penal for foreigners to fish in

the territorial waters of Belgium.

2. An inquiry as to whether those fishing appliances at present in

use, which are injurious to immature fish, cannot be replaced by
others yielding the same results without causing the destruction.

3. The prohibition of landing or exposing for sale immature fish.

4. That the Belgian consuls in foreign fishery ports should supply

detailed reports of any measures passed which concern maritime

fisheries, in order that 'they may benefit in Belgium by the

experience acquired in other countries.

M. Borgers points to the importance of a knowledge of the special

fishery regulations in other countries, and of the results of the hatching of

sea-fish at Flodevig and Newfoundland.
In April last (1891) the Association discussed the above conclusions of

M. Borgers in regard to the diminution of fish in the territorial waters, J
and adopted them. It was resolved to obtain specimens of the shrimp-

trap used in France, and the Association would then be able to say

whether they should be substituted for the instruments now used. It

was also stated that the Belgian Government, in view of the depopulation

of the territorial waters and the operations in fish-hatching in other

countries, had charged the Belgian Commission of Pisciculture to investi-

gate the question.

And, further, that when the Government was engaged on the question

of immature fish, the vessel now used for marine police should be fitted

up to undertake * experiments like those made by the " Garland " on the
' coasts of Scotland— experiments which have strongly interested the
' English fisheries.'

* Eighth Annual Report of the Fishery Boardfor Scotland, Part III. p. 157.

t Vide Eighth Annual Report of the Fishery Board for Scotland, Part III. p. 258.

X Bulletin Mensuel, No. 4, Avril 1891, pp. 137, 147.

2 d
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XIII. FRANCE.

Concarneau Marine Laboratory.—The principal fishery work carried

on at the Concarneau Laboratory in 1889 related, as in preceding years,

to the sardine."^ Besides this, a large number of other investigations were

undertaken by Professor Pouchet, the Director ; M. Chabry, and others.

Professor Pouchet and M. Chabry made a special study of the develop-

ment of the larvae of sea-urchins in sea water deprived of lime, f and on

the action of artificial sea water as a teratogenic agent. % Four years ago

nothing was known of the natural history of the sardine, of its migration

or spawning ; but by the researches recently made at the French Labora-

tories the ignorance has been largely dispelled. Professor Pouchet states

that the diminution in the abundance of the sardines in certain years is

always a natural phenomenon, independent of the action of man. It is

stated that at Concarneau they obtained for the first time ripe eggs of the

sardine (Clupea pilcharchis), and they are now attacking the problem of the

place and time of sjDawning. It is also stated that the eggs do not float, but

are demersal. M. Bietrix, in an appendix to the report, gives the results

of further observations on the reproductive system. All the ova do not

ripen at the same time, l^ut only those at certain parts of the ovary, as is

the case in most fishes. The mature egg is from I'l to 1*2 mm. in

diameter, and of a density greater than that of sea water. A sardine in

which the ovaries weighed 16 grammes contained about 12,000 ripe eggs.

In the tables the sexes are in the majority of cases distinguished. Of SIQ^

fish, 178 were females and 132 were males, and I am informed by Pro-

fessor Pouchet that female fish were not selected in greater numbers. M.
Bietrix describes the structure of the ovary, and very fully the structure

of the ova. Tables are given of the variations in size and abundance of

the sardine de rogue, which differed much from the previous year. A
special study was made of the winter sardine (sardine d'hiver). Besides

the adult sardine, said to leave the coast, there are captured in winter,

more or less near the shore, a number of sardines, not in shoals but

isolated, whose size does not surpass that of the small sardine de rogue.

Observations were made from January 1889 to July 1890 respecting

the average length and weight of the fish, the presence or absence of fat,

the nature of the contents of the stomach, the appearance of the repro-

ductive organs, and specially the maturity of the eggs ; and the main results

are set forth in a series of tables.

Marine Statio7i, Marseilles.—At this station Professor Marion, the

Director, and his assistants continue their biological and marine fishery

investigations. The more important of their papers were recently pub-

lished § in a large volume, with beautiful plates. It contains a number
of valuable memoirs. The special fishery inquiries carried on by
Professor Marion and his colleagues have been along similar lines

to those in previous years

—

e.g., the question of the capture of

immature fish, the food of fishes, their reproduction, and the influ-

ence of certain modes of fishing. In the fourth volume of the

Anndles, the statistics relating to the fish caught in the Gulf of Mar-

* Rapport tt M. le Ministre de VIij^truction puhlique sur le fmctionnement cho

Laboratoire de Concarneau en 1889, et sur le Sardine, 1890.
\ 8oci6U de Biologic, Jan. 1889.

+ Journ. de VAnatomie, Mai-Juin 1889.

§ Annates du Musee d'Histoire naturelle de Marseille, publi^es avec Subventions des

Ministeres de 1'Instruction publique et de VAgriculture aux frais de la ville, sous la

direction de M. le Prof. A. F. Marion. Zoologic travaux du Laboratoire de Zoologie

Marine, torn, iii., Marseille, 1889.
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seilles fire given by M. Paul Gourret, "v^ith special details on the tunny

fisliery, the sardine fishery, and the fishery for spiny lobsters (Palinurtis).

M. Gourret also treats of the consumption and trade in fish and shell-

fish at Marseilles, and points to the diminution of productiveness of in-

shore ground, apparently largely through the instrumentality of a large

trawl-net (Chahd 'leboeuf'), used by small coasting vessels (tarianes).

This mode of fishing was interdicted between 1793 and 1830 in the

arrondissejnent of Marseilles, but after 1830 it was allowed by vessels

from 10 to 12 tons, under certain conditions. When the fishery was
resumed the takes were so great that a large number of vessels were fitted

out for this fishery. In a few years the grounds were again depleted,

and the trawlers had to search for new fishing grounds. In 1877 the

la'st of these tartanes, fishing with the " boeuf " in the Gulf of Marseilles,

was dismantled. An account is given of the quantities and kinds of fish

consumed at Marseilles. Various kinds of shell fish are used, and also

ascidians (* Vioidets '

—

Microcosmus) and sea-urchins (Strongylocentrotus

lividus).

M. Paul Gourret gives the results of the continued researches into the

food of the edible fishes (which were begun by M. Elie Arnoux), com-

prising nineteen species ; few of them are common in this country. M.
Gourret also gives the results of further investigations into the condition

of the reproductive organs of a large number of fishes. There are also

papers by M. Gourret on certain modes of fishing used locally, and the

kind and size of fish caught, and it is proposed that certain of these

should be made subject to restriction and regulation. Professor Marion
describes the fishery for and the reproduction of Atherina hepsetus. In
Provence three species of Atherines are fished, the most important being

A. hepsetiis (Siouclet), which assembles in great shoals at certain spots for

the purpose of spawning, from January to April. The ova are relatively

large, 2 "5 mm., indicating that they are demersal, and are deposited in

pebbly creeks. They are fixed by very delicate entangled filaments

on the exterior of the ' chorion ' to pebbles, or more commonly to

the stems of Bryopsis, Ceramium, &c. Professor Marion has found
them attached to the spines, of sea-urchins (Strongylocentrotus). The
condition of development of the embryo within the ova, in situ, shows
that successive depositions take place—a fact also shown by the very
varying sizes of the young fishes. When hatched the larva is 8-9 mm.
long. Professor Marion gives also the further observations he has made
on the sardine on the Marseilles coast during the season 1889-90, and I

am indebted to him for the following notes regarding the sardine, which
he has obligingly communicated.

The sardine fishery in the Gulf of Marseilles is carried on during the
whole year, but the quantity of fish brought to market varies greatly

in difi'erent years—from 200,000 to 600,000 kilogrammes. The sardine

is captured chiefly by upright drift nets (called Sardinaou), allowed to

drift in the current and attached, like herring nets, to the boat. Seine
nets, called Issaugo, are also used, consisting of a bag or pocket with two
large wings to encircle the fish ; and at the mouth of harbours young
sardines are captured in nets {Mugdiere) composed of a flat bottom, and
of two wings raised from bottom to top. In the Gulf of Marseilles 180
boats are employed in drifting for sardines, each manned by four men

;

seining (Issaugo) is carried on by eight boats, each requiring twenty
men ; and the fishery with Mugeliere is carried on by fourteen boats, eacli

* Exameii de V6tat de maturite sexuelle dc quelqms Poissons comestibles du Golfc de
Marseille.

. Aimales du Mas6e d'Histoirc nalurelle de Marseille, torn iv. Travaux de
Zoologie a-ppliqiUe, p. 31,
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manned by five men. The young sardines caught in the fixed Mugiliere

nets, 2*5 to 3 centimetres long, wholly white and without visible scales,

are called Foutino 7iudo {' petit poisson nu
')

; when 3-5 centimetres long

and silvery it is called Poutino vestido ('petit poisson vetu'). As it

increases in size it is called Palsilla and Sardinette.

Professor Marion describes the movements of the sardines at different

times of the year, and gives the results of his examination of the re-

productive organs. In different shoals the sexes are often very unequal

in numbers ; females were frequently in excess. Spawning occurs for

probably six months, from the middle of December to the middle of May,
but chiefly February and March. Professor Marion repeats his views that

the ovum is pelagic. Eggs from a partly spent fish placed in sea water

measure 1 '3 to 1 "4 mm. ; their capsule (a chorion, not a true vitelline

membrane) is applied exactly to the vitellus. After some hours the

absorption of sea water is evident, but to very different degrees ; the

vitellus contracts and the chorionic capsule expands. After twelve hours

of imbibition the ova were 1*7 to 1"8 mm. in diameter, a large

perivitelline space having been produced ; but these ova were evidently

dead. They contain an oil globule. Some appeared to be lighter than

others, but none floated. Floating ova with a large perivitelline space,

not otherwise identified, have been got in the townets in the areas where

shoals of adults occur, chiefly in February; they measure 1*7 to 1*8

mm. Several were hatched at the laboratory, the larvae being a little

over 4 mm. when they escape
;
they are very transparent and difficult

to distinguish, usually immobile, but occasionally moving with sudden*^

eel-like flexures. Observations have been made recently by Professor

Marion on the influence of great cold on fishes (Motella, Mugil^ Blennius^

Gohius, d-c.).'^

In a w^ork recently published, f M. Gobin has brought together a great

deal of information as to the sea fisheries of France, the annual value of

which now varies from £3,400,000 to £4,400,000. In 1810 their value

was only about £440,000; in 1850, £920,000; in 1870, £2,760,000;
in 1880, £3,560,000. The various kinds of food fishes caught are

described, and usually figured, and the processes of oyster culture, &c. are

detailed. M. Gobin expresses strong opinions as to the diminution of fish

around the shores, brought about chiefly by the increase of population, the

larger and better equipped boats, and the application of steam and trawls

;

and he looks upon the artificial hatching of sea fish as the best remedy,

combined with protection of areas as nursersics—the cantonnements de

reserves of Marion. After pointing out that operations in the hatching of

sea fish should be on a large scale, he says— ' But who is to do it 1 JNTot

' the fishermen
;
they have neither the time nor the inclination ; the State

' alone can undertake the work.' He points to the eleven or twelve marine

laboratories, wliich have been founded by the Minister of Public Instruc-

tion for scientific research, while there is not yet any establishment in

France devoted to the systematic hatching of sea fish.

Under the auspices of the French Government, and at their request,

Professor M. J. Thoulet, of ^^ancy, has in recent years undertaken various

missions to foreign States to inquire into the progress of physical research

respecting marine and inland waters, and has also made special investiga-

tions on the subject. On board the frigate, 'la Clorinde,' physical

observations were carried on at the great fishing banks of Newfoundland,

and visits were made to Norway, Switzerland, and Scotland. J Professor

* Coniptes rendus, torn, cxii., 1891.

f La PisicuUure en eaux salees, Fa7'is, 1891.

t Rapport, VEtude des lacs en Suisse.
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Tlioulet has described the very elaborate arrangements made by the Swiss

Government for the physical investigations of the great lakes. Professor

Thonlet last year published a large and elaborate treatise on the whole

subject of oceanography,* with numerous illustrations. The history of

marine explorations is given, and the various instruments and apparatus

used in marine research are explained and figured. The ocean basins are

described, as well as the nature and composition of marine deposits and

the composition of sea water, and there is a long chapter on the tem-

perature, specific gravity, &c. of the sea.

•Dr Blanchard, Secretary to the Zoological Society of France, has pub-

lished a paper on an interesting discovery made by Mr Thomas Scott,

F.L.S.,t one of the Fishery Board's naturalists, namely, the presence of an

ento-parasite in a fresh-water Ostracod, Candona rostrata. Dr Blanchard

has examined the specimen, and finds it to be ' the larva of Tcmia (jvadlis^

or tapeworm, which lives in the intestines of several species of ducks. \

Dr Blanchard says the discovery is an interesting contribution to helmin-

thology, as the migration of tha parasite was not previously known.

XIV. SPAIN. (By Mr W. Anderson Smith.)

We have not received the remainder of Revista de Pesca Maritima for

1890 in time for our Keport, but some later numbers are available, thanks

to the courteous secretary of the Fisheries Commission, Seiior Eafael

Gutierren Vela. The Fishery Law that passed the Senate has not

passed the Cortes, and consequently will have to be drawn up anew.

They complain bitterly of their inability to confront the urgent necessities

of the fisheries, owing to the small annual grant of 15,000 pesetas (£625)

;

so that, for want of means of protection, they will have entirely to pro-

hibit particular fishing apparatus. The State has sold its valuable fisheries

in the Mar Menor—that remarkable inland sea—for want of means to

supply the necessary works ; and the sea in question threatens to lose its

present exceptional conditions for want of the means required to defend

it. The rivers of the north, formerly so abundant in Salmonidse, are now
exhausted. The littoral fishes are becoming scarce also in the bays and
around the coast ; so that it is quite necessary to hatch !

The Revista de Pesca Maritima refers to our Eighth Annual Report,

thanks Dr Fulton for his attention, and the regard paid to their opinion
]

and specially refers to this summary, as showing the attention paid by all

nations to fish culture, and the satisfactory results that have followed it.

Papers from our Report are reproduced, notably Dr FuUarton's on ' Oyster

Culture,' which is given in full.

A remarkable paper on the 'Fishery of the Atlantic Coasts of the
' Sahara ' shows this to be ' the richest fishery in the world.' It is fished

from the Canary Isles. In little over a year 5 to 6000 tons of salted fish

were landed, whose only consumers are the 275,000 inhabitants of these

isles. The estimated catch is 4,000,000 fish, of 3 kilos, each. Even
6,000,000 may be taken as the catch of 1000 fishermen, or 6000 fish each.

Berthelot's calculation makes each Canary fisherman catch annually 3,337
fish on these Saharan coasts. This is a most valuable paper, and raises

some very interesting questions. They account for the apparition of

tunnies as coming in the cold under-current, like the whales, and only

* Oc4anographie {Statique), Paris, 1890.

fProc. Boy. Pliys. Soc, Min., vol. X. p. 313, 1890.

t Note sur les migrations du Tcenia gracilis, Krabbe, Ball de la Soc. Zool. dc
France, torn, xvi. p. 119, 1891.
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sporadic. A most interesting and novel paper gives a good idea of the

condition of a fisherman's family in San Sebastian, with particulars of

the furniture, clothing, and all belongings in the house. This family

pays 12s. 6d. per month rent, and the value of all belongings, plus

clothes, &c., is, per list, £50, 14s. A very full account is given of Cuban
Sponge Culture^ which is proposed to be introduced into Spain. Great

destruction of life in the littoral took place last winter ; and it is noted

that northern fish were driven south, and their own fish driven offshore

by the severity of the weather,—Arcachon, especially, suffered.

A paper on the question ' Whether Spain ought to be able to supply
' herself with Fish,' gives some figures of great importance. From this we
find that, while she exports considerably, yet her exports, on the whole,

do not reach 10 per cent, of the imports, these latter being mainly salted

and dried cod, with a proportion of fresh fish.
* The importation of salted

cod was :

—

In 1883 . 39,755,834 kilos. . value 25,046,175 pesetas.

. 1889 . 43,548,185 „ . „ 27,435,356
1890 . 47,395,053 ,, . 29,558,883

On the other hand, in 1889 the whole capture of Spain from its littoral

was 86,222,765 kilo., value 36,716,495 pesetas ; so that, compared with

the baccalao imported, the result shows 50 per cent, in quantity, and 76

per cent, in value, of the catch of all Spain itself. It would thus appear

that the whole catch of Spain does not, by about one half, meet the

annual consumpt of the country. Surely such an important market ^

ought to receive more of our attention. There is a lesson here also in the

fact, that we ourselves cannot find any such figures of our own national

capture, and export, and import of fish, to arrive at any proper idea of

our progress as ichthyophagi I

The municipal duty on sardines and aachovies for consumption in

Madrid has been lowered from 25 centimes of a peseta per kilo, to 18

centimes, by special order.

Under the quaint heading 'The Martyrology of our Industries,' an

appeal is made to prevent the injury resulting to the great fishing industry

of Galicia, owing to their inability to take salt on board their vessels for

curing purposes, the Government officials being afraid. ' The ignorance
' of our administrators of how to prevent fraud causes them to live in con-
' tinual distrust.' As ' 50,000 families ' are dependent on the fisheries in

Galicia, the necessity for considering their demands is evident.

A valuable paper on the turtle fisheries of Cuba deserves attention.

XV. ITALY.

There is very little to chronicle respecting the Italian sea fisheries, no
fishery report having been published since the one referred to two years

ago, and no meetings of the Fishery Commission have been held.

During last autumn and winter the restocking of public waters by the

Government was continued—salmonidse in the rivers and lakes of

Northern Italy, and young eels in the lakes of Central and
Northern Italy. Professor Giglioli investigated last summer, by
the orders of the Government, the rich sponge-banks which were
discovered three years ago south of Lampedusa, a war steamer, the
' M.A. Colonna,' being placed at his disposal for the purpose. It

appears that the Fishery Society of Rimini {Societa di Fratellanza e dl

Previdenza fra i Marinari Riminesi) has appointed a Commission to

make special investigations into the fisheries of the Adriatic, and how
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best they may be promoted."^ According to reports of the Minister of

Agriculture, Industry, and Commerce, the produce of the sea fisheries

in 1889 was vahied at 17,264,075 francs; there were 50,000 fisher-

men and 17,258 boats. The imports of fresh fish were valued in 1887
at 361,798 francs, and the exports (chiefly to Austria, but also to Greece,

iNIalta, Egypt, &c.) at 1,078,765 francs.f

No special scientific fishery work has been carried on since Dr Raffaele's

well-known researches on the floating eggs and larvse of the food-fishes.

* Mittheil. DeutscJi. Fischerei Verein.

t Op, cit.
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Bain, Mr W., 21, 177.

Bait fisheries, 17.

Beam trawlers, illegal operations of, 3,

4, 6.

Beam trawlers, statistics of, 8, 9.

Beam tra^vling

—

Immature fish caught by, 29.

Quantities of fish caught by, 24, 25.

Report on, 21.

Table A. Showing summary of

fish taken by the ' Garland
'

on the East Coast in 1890,

32.

Table B. Analysis of the ' Gar-

land's' statistics relating to the

relative abundance of fish, 37.

Table C. Record of Observations

made on board the * Garland

'

during 1890, 40.

Table D. Anstruther district.

Buckhaven haddock and cod
line fishing, 141.

Table E. Showing fish landed
by net and line boats, and by
steam beam trawl boats, 142.

Table F. Showing the quantities

monthly of large and small fish

landed in the Leith and Aber-
deen districts by beam trawlers

and line fishermen in 1890, 153.

Table G. Showing'the monthly
takes of line and net boats from
inshore grounds in the Leith,

Anstruther, Montrose, and
Stonehaven districts, 157.

Table H. Showing the quantities

of fish captured by line fisher-

men in the territorial waters,

with the average per ' shot ' in

1889 and 1890, 175.

Table I. Showing the monthly
amounts in cwts. of round and
flat fish landed by line fisher-

men and beam trawlers on the

East Coast of Scotland during

1890, 176.

Bib {Gadus lusais), fecundity of, 256.

Binnie, Mr F., 311, 389.

Borgers, M. Auguste, 207.

Bouchot mussel culture and the Bouchot,
experiments at St Andrews, 16, 212.

Bouchot system, French, 212 ; cost of,

218.

Brady, Professor G.S., 269.

Brady, Sir T., 20.

Brassie. See Bib.

Breeding grounds, 4, 177.

Brill {EJwmhus Icevis).

Fecundity of, 262.

Development of, 317.

Rate of growth of, 391.

Brosmius hrosme. See Torsk.

Buckhaven haddock and cod line fishing

28.

Bullidse, 309.

Buproridse, 301.

Calanidse, 300.

Calderwood, Mr W.L., 331, 390.

Caligidfe, 304.

Caligus diaplianus, 304.

isonyx, 310.

,, millleri^ 305.

rapax, 305.

Callionymus lyra. See Skulpin.

Canthocamphis jJctlustris, 302.

Catfish {Anarrhiclias lupus)—
Fecundity of, 253.

Food of, 232, 235, 239, 240.

Cecropidfe, 305.

Cccrops latreilUi, 305.

Charopinus Dalmanni, 310.

Chondracanthidse, 306.

Cladocera, 289, 308.

Clam bait beds, 17.

Clupea harengus. See Herring.

Clupea sprattus. See Sprat.

Cod {Gadus morrhua).
Food of, 235, 237-242.
Fecundity of, 254.

Conger {Conger vulgaris)—
Fecundity of, 243.

Ova of, 392.
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Contemporary Fishery Work, 388.

Belgium, 416.

Depopulation of territorial

waters, 417.

Fitting up of a vessel for scienti-

fic investigation, 417.

Immature fish, 416.

Canada, 396.

Sea-fish and lobster hatching,

396.

Oyster culture, 397.

Statistics of fisheries, 397.

Denmark, 410.

Damage by seals, 412.

Danish fishery law, 411.

Scientific investigations, 412.

Statistics of fisheries, 411.

Survey offisheries, 410.

France, 418.

Concarneau, 418.

Fish hatcheries desiderated, 420,

Food and reproduction of fishes,

419.

Marseilles, 418.

Physical research in marine and
inland waters, 420.

Sardine fishery, 419.

Germany, 403.

Immature fish, 405.

Import of herrings, 407.

Investigation of fishing grounds,

405.

Marine Laboratories, 405, 406.

Statistics of fisheries, 404.

United Kingdom, 389.

Fisheries Investigations, Ireland,

394.

Inquiries into Beam Trawling in

Ireland, 395.

International Conference, 389.

Liverpool Biological Society,

392.

Marine Biological Association,

390.

Report on English Sea-fisheries,

393.

Holland, 412.

Herring fishery, 413.

Immature fish, 412.

Mussel fishery, 415.

Oyster culture, 415.

Trawl fishing, 414.

Zoological station, 413.

Zuiderzee fishery, 414.

Italy, 422.

Statistics of fisheries, 423.

Stocking of waters, 422.

Newfoundland, 398.

Curing of cod and herrings, 398.

Hatchery for lobsters and cod,

398.

New South Wales, 398.

Acclimatisation of fish, 399.

Fisheries legislation, 399.

Oysters, 399.

New Zealand, 400.

Acclimatisation of fish, 401.

Oysters, 400.

Zoological Station needed, 401.

Contemporary Fishery Work

—

continued.

Norway, 409.

Hatching and rearing of cod,

409.

Statistics of fisheries, 409.

Preparation and export of cod
roe, 410.

Spain, 421.

Depopulation of inshore waters,

421.

Fisheries languishing for want
of money, 421.

' Fisherv of the Atlantic Coasts

of the Sahara,' 421.

Turtle fisheries of Cuba, 422.

Sweden, 407.

Adoption of Scotch methods, 408.

Bohuslan fisheries, 408.

Investigations into use of trawl

net, 409.

United States, 401.

Artificial propagation of cod, 401.

Exploration of fishing grounds
in the west, 401.

Hatching of fresh water fish, 402.

Lobster culture, 402.

Oyster culture, 402.

Corycseidse, 304.

Coitus, young stages of, 323.

Cottus, Long-spined, {Cottus huhalis).

Fecundity of, 249.

Cottus, Short-spined {Cottus scorpius).

Fecundity of, 248.

Couper, Mr W., 21, 177.

Craugonidse, 309.

Crangonfasciatus, 309.

,, neglectus, 309.

Crangon vulgaris. See Shrimp.
Cyclopidse, 301.

Cyclopterus lumpus. See Lumpsucker.
Cylichna nitidula, 309.
Cytheridse, 307.

Cytkere gibbosa, 307.

Cytheridea lacustris, 272.

Cunningham, J. T., 243, 319, 392.

Dab, Lemon [Pleuronectes microcephalus).

Development of, 327.

Fecundity of, 264.

Food of, 223, 235, 236, 238-241.
Dab, Long Rough {Hippoglossoides

limandoides).

Fecundity of, 261.

Food of, 225, 234, 236-238, 241.
Ova of, 319, 320.

Dab, Common {Pleuronectes limanda).
Fecundity of, 205.

Food of, 224, 233, 236, 238-241.
Dactylopus brevicornis, 303.

,, fiavus, 302.

,, minutics, 303.

,, tenuiremiis, 302.

Dannevig, Captain G. M., 19, 409.

Diminutive Sucker {Liparis moniagui).
fecundity of, 253.

Doropygus nonnani, 301.

Doull, Mr John, 177.

Dragonet. Sec Skulpin.

Drechsel, Captain C. F., 11, 19, 177, 410.

Dulichiidse, 308.

2 e
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Dulichia poi rccta, 308.

Dunbar Marine Laboratory, 5, 6, H.
Duthie, Mr R., 177, 181.

Ectinosonm atlanticum, 301

,

Ehrenbaum, Dr Ernst, 406.

Enterocola eruca, 301.

Ewart, Professor J. C, 320.

Fauna, Invertebrate of Inland Waters of

Scotland, 13, 269.

Aclinacloich Locli, 283.

Balnagowan Loch, 280.

Camilla Loch, 275.

Fiart Loch, 281.

Harray Loch, 287.

Hempriggs Loch, 284.

Kilcheran Loch, 280.

Loch Leven, 270.

Lochgelly Loch, 275.

Lochy Loch, 279.

Ness Loch, 278.

Oich Loch, 279.

Raith Lake, 275.

Stenness Loch, 286.

Strathbeg Loch, 282.

Wester Loch, 285.

Wick River, 285.

Fauna of the Firth of Forth, additions

to, 14, 300.

Fauna, West Coast, of " Garland " Expedi-
tion, 13, 297.

Fecundity, the comparative, of sea fishes,

12, 243.

Proportional number of ova pro-

duced by diffierent species, 248.

Variation of, in individuals of

same species, 248,

Fishing-grounds on the East Coast of

Scotland, 11, 177.

Flounder {JPlcuronedcs flesus)—
Fecundity of, 265.

Food of, 227, 235, 238,

Rate of growth of, 391.

Food - Fishes, development and life

histories of, 317.

Food of fishes, 12, 222.

Foraminifera of West Coast Lochs, 197.

Fullarton, Dr J. H,, F.R.S.E., 14, 16,

184, 212, 311, 394.

Fulton, Dr T. Wemyss, F.R.S.E,, 3, 11,

12,177, 201, 243, 269, 332,343, 359,

388.

Gadus ceglefinus. See Haddock.
Gctdus luscus. See Bib.

Gadus merlangus. See Whiting.
Gadus morrhua. See Cod.
Gadus virens. See Saithe.

Gammarus pulcx, 272.

Garland, 9, 10, 11, 12, 13, 21, 177, 184,

202, 211, 269, 297, 334, 391, 417.

Detection of illegal trawling by,

3, 6.

Trawling experiments of, 6, 21.

Gasterosteus spinachia. See Stickleback,

Fifteen-spined.

Gibson, Mr James, 177.

Giglioli, Professor, 20, 422.

Gourret, Dr Paul, 419.

Green, Rev. W. Spotswood, 394.

Gunnel, young stages of, 326.

Gurnard
(
Trigla gwrnardus).

Abnormal egg of, 322.

Fecundity of, 249.

Food of, 227, 234, 236-240, 242.

Haddock {Gadus ceglefinus).

Case of Hermaphroditism of, 352.

Fecundity of, 255.

Food of, 229, 235-242.

Halibut {Hip2ioglossus vulgaris), fecundity

of, 261.

Hatching of sea-fish.

Need of, 4, 5.

Best conditions for, 391.

In Canada, 396.

,, Denmark, 412.

,, France, 420.

,, Newfoundland, 398.

,, Norway, 409.

,, United States, 401, 402.

Harpacticidce, 301.

Harper, Mr Donald, 177.

Herdman, Professor, 393.

Hermaphroditism in a haddock, 352.

Herring {Glwpea harengus), fecundity of

267.

Herring spawning grounds, 11, 178.

Hrp23oglossoidcs limandoides. See Dab. ^
Hippoglossus vulgaris. See Halibut.

Hensen, Professor, 177, 407.

Hoek, Dr P. P. C, 10, 19, 202, 412.

Holt, Mr E., 327, 395.

Immature fish

—

Capture and destruction of, 9, 201.

Capture in shrimp trawls, 206
;
by

line and beam trawls, 29.

Conferences regarding, 201, 389.

Found offshore, 4, 182, 391, 395,

406.

Nurseries of, 4.

Regulations in force, or proposed,

regarding :—England, 393 ; New
South Wales, 399

;
Denmark,

411
;

Holland, 413
;

Belgium,
416

;
France, 202

;
Italy, 202.

Retention of vitality of trawl-

caught, 202.

Isopoda, 308.

Jamieson, Mr Peter, 244, 311.

Johnston, Mr James, 177.

Johnston & Sons, Messrs Joseph, 21.

Jonesiella spinulosa, 301.

Kidston, Mr R., 269.

Loimargus muricatus, 305.

Lemon Sole. See Dab.
Lepioptheirus piectoralis, 305.

Lcpioptlieiriis thompsoni, 305.

Leptaspidia hrevepcs, 308.

Lenma hranchialis, 307.

Lerneoceradse, 307.

Lei'neoncma spratta, 306.

Lernentoma ascllina, 306.

,, cornuta, 306.

,, lojjhii, 306.

Lichomolgusfurcillatus, 304,

Line fishing in territorial waters, 27
;

quantities of fish caught by, 24, 25, 26.

Ling {Molva vulgaris), fecundity of, 258.

Liparis montagui. See Diminutive

sucker.
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Lobsters, hatching of, 5, 391, 396, 398,

402.

Ill Orkney and Shetland, 5.

Lophius piscatorius. See Angler-fish.

Lump^ucker {Cyclopterus lumpiis)—
Fecundity of, 2D3.

Oviposition of, 244.

Lundberg, Dr Rudolf, 20, 408.

Mackerel [Scomber scomber), fecundity of,
j

252.
I

Mair, Mr William, 21, 177, 244. I

Malm, Dr A.M., 20, 408. I

Marion, Professor A. F., 19, 389, 418.
i

Matthews, Mr Duncan, 331.
!

Melville, Mr John, 177, 343.
|

Metridia armata, 300. i

M'Intosh, Professor W.C., F.R.S., 6, 10,
|

14, 20, 21, 211, 244, 269, 317.
j

Mill, Dr. H. R., F.R.S.E., 18, 353.
i

Miller, Mr. D., 21.
!

Milliken, Mr. A., 177.
|

Molva vulgaris. See Ling.

Monstrilla rigida, 304.

Motella cimbria. See Rockling. i

Motclla mustela. See Rockling.
|

Murray, Mr. John, 21, 177, 178, 244.
\

Mussels, decline in, 17.
|

Mysidfe, 308.

Mysidopsis angusta, 308. I

Nika cdulis, 309.
I

Notodelphyidse, 301.

Observations on the life-histories and
development of the food and other

fishes, 14, 317.

Offshore fishing grounds, investigations

of, 21, 388.

Oithona setiger, 301.

Olsen, Mr 0. T., 177, 389.

Osmerus eperlanus. See Smelt.

Oyster-Cultare, on the Suitability of

Scottish waters for, 184.

Pelagic Ova, List of some obtained by
the "Garland," 334.

and larvae found far from
shore, 392.

,, devoured by Crustacea, 395,

,, Unknown forms, 320-321.

Penellad?e, 306.

Petersen, Dr. C. G. Joh. 20, 389, 412.

Physical observations, 18, 188, 353.

Pipe-fish {Syngnathus acus)—
Fecundity of, 268.

Plaice {Pleuronectes platessa)—
Development of, 14, 311.

Fecundity of, 263.

Food of, 222, 233, 236, 237, 239,

240, 241.

Plem'onectes cynoglossns. See Sole, Witch.

,, fiesus. See Flounder.

,, limanda. See Dab, Common.
,, microcephalus. See Dab,

Lemon.

,, platessa. See Plaice.

Pleuronectid, B., eggs and larvce of, 319.

Polyphemidffl, 308.

Podon polyphemoides, 308.

Pogge {Agonus cataphractits),hcmidity of,

250.

PorcelUdium Jimhriatum, 304.

Pouchet, Professor G., 19, 389, 418.

Prince, Professor E. E., F.L.S., 15, 318,

343, 349.

Rae, J., M.D., 2G9.

liaia. See Skates,

Raveret-Wattel, M., 19, 210.

Rhombus Icevis. See Brill,

EJiombus maximus. See Turbot.

Robertson, Mr John, 177.

Rockling, five-bearded [Motella mustela),

fecundity of, 259,

Rockling, four-bearded [Motella cimhria),

fecundity of, 258.

Rosie, Mr D., 177.

Sail Fluke [Arnoglossus megastoma),

fecundity of, 263.

Saithe [Gadiis virens), fecundity of, 257.

Salmon [Salmo salar), fecundity of, 267.

Sand-eel, Eggs and early stages of, 331.

Sand-eel, Greater [Ammodytes lanceolatus),

fecundity of, 259; ova of 332.

Sand-eel, Lesser [Ammodytes tobianus),

fecundity of, 260; ova of 332.

Sauvage, Dr., 177.

Scheme of Scientific Investigations for

1891-92, 18.

ScomMr scomber. See Mackerel.

Scott, Mr Thomas, F.L.S,, 12, 13, 14, 21,

177, 212, 222, 197, 199, 244, 269, 300,

318, 327, 343, 421.

Scott, Mr Andrew, 269, 281.

Shore fisheries, fall in value of, 4, 15.

Scrimp [Crangon vulgaris), natural

history of, 406.

Shrimp-fishing, capture of immature fish

by, 206.

Shrimp-trap, description of French, 209.

Shrimp-trawling, in France, 210.

Simpson, Captain, R.E,, 3, 21, 184, 269.

Skates [Eaia)—
Food of, 232, 235-7, 239-241.

Skulpin [Callionymus lyra)—
Egg and larva of, 349.

Fecundity of, 252..

Smelt [Osmerus eperlanus).

Fecundity of, 267.

Smith, Mr W. Anderson, 13, 16, 187,

268, 269, 297, 389, 421.

Smith, Mr W. Ramsay, B.Sc, 12, 21,

177, 222, 352,

Sole, Common [Solea vulgaris), Cunning-
ham on,—390.

Fecundity of, 266.

Sole, Lemon. See Dab,
Sole, Witch [Pleuronectes cynoglossus).

Fecundity of, 264.

Food of, 226, 238, 342.

Solea vulgaris. See Sole, Common.
Sparling. See Smelt.
Spawning grounds, 177, 397.

Sprat [Glupea sprattus), fecundity of, 268.

Statistics of boats and fishermen engaged,
8.

Statistics, special fishery, 8.

Statistics, special, of fish caught by line

fishermen and beam trawlers, 24.

Stickleback, fifteen-spined [Gasterosteus

spinachia), fecundity of, 254.

'Southesk,' 7, 14, 21, 177.
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St Andrews Marine Laboratory, 6.

Suitability of Scottish waters for oyster

culture, 16.

Sutherland, Mr A., 177.

Syngnathus acus. See Pipe fish.

Thalestris clausii, 303.

,, helgolandica, 303.

Tufo-violascens, 303.

Torsk {Brosmius fecundity of, 259.

Trachidms discipes, 302.

Trachinus vipera. See Weever, Lesser.

Trawling experiments, report on, 21.

Trebius cavdattcs., 306,

Trigla gunmrdus. See Gurnard.
Turbot [Rhombus maximus), fecundity of,

262.

Tusk. See Torsk.

Vela, Sen. R. Gutierren, 20, 389, 421.

Weever, Young stages of, 324.

Weever, Lesser {Trachinus miiera)^

fecundity of, 251.

Whiting {Gadus merlangus)—
Fecundity of, 256.

Food of, 230, 235, 237, 239, 240,

242.

Witch Sole. See Sole.
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